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ABSTRACT 
  
 
During the last two decades, a broad spectrum of short- and long-term studies on 
different taxonomic groups has enriched our understanding about how dynamics of taxonomic 
and ecological diversification have changed through geologic time. There are two major issues 
that have impacted these studies: the quality and quantity of data used are often insufficient in 
various ways and the methods used may produce results that are more equivocal than supposed. 
To investigate these issues more fully, this dissertation focuses on studies on two major aspects: 
1) short-term studies examining the nature of successful and unsuccessful predatory attacks on 
Plio-Pleistocene bivalves; and 2) a Phanerozoic-scale project examining trends in bivalve 
richness and ecological differentiation. The short-term studies, focusing on shell-breaking 
predation on bivalves, have shown that the existing methodologies which only study either 
successful or unsuccessful component of predation in isolation are fraught with potential issues in 
developing effective interpretations. When these two components (i.e., successful and 
unsuccessful) are studied in tandem as was done here, however, traces of predation can be used to 
better constrain potential paleoecological interpretations related to predation intensity, predator’s 
attack strategies, and predator-prey dynamics. The long-term project includes two Phanerozoic 
studies on bivalves’ taxonomic and ecological richness. The taxonomic study has shown how the 
elements included in various datasets used can affect the Phanerozoic richness trajectory of 
bivalves. The revised and newly compiled dataset developed here reveals that bivalves showed 
three major episodes of diversification – a Ordovician radiation of orders and families, a 
Mesozoic diversification of families, and a dramatic Cenozoic rise in the total number of genera – 
all of which were synchronous with ecological diversification in terms of appearances of new life 
forms capable of colonizing new ecospace (i.e., cubes). However, these synchronous changes in 
viii 
taxonomic-ecologic richness were influenced by many biotic (e.g., predation, competition, and 
adaptive innovations) and abiotic (e.g., nutrient availability, sea level, and temperature) 
components, for which I propose a multilevel mixed model such that all these components can be 
studied in tandem. 
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PROLOGUE 
 
 
Recent global and large-scale Phanerozoic-level studies on marine invertebrates have 
yielded many significant evolutionary trends; these studies have included aspects of both the 
ecologic and taxonomic components of the biosphere. The documented changes in ecology 
include increases in available and utilized ecospace for colonization (Bambach et al., 2007; Bush 
et al., 2007), overall increases in biotic interactions (Vermeij, 1987), expansion in clades’ overall 
distribution into a broader range of different environmental settings (Crame, 2000), increases in 
mobility and the evolution of other energy-expensive adaptations (e.g., eye-sight, venom, etc.; 
Vermeij, 1987), increases in biomass and productivity (Bambach, 1993), changes in 
morphological variability (Sepkoski, 1984), increases in the complexity of the organisms 
(McShea, 1996), among many others. In comparison, among taxonomic studies, studies have 
documented a number of major components including the overall diversification of marine 
invertebrates (Alroy et al., 2008), appearances of higher taxonomic groups (Valentine, 1969; 
Sepkoski, 1978), changes in the taxonomic composition of various clades (Sepkoski, 1984), and 
perturbations superimposed onto the overall pattern of Phanerozoic diversification initiated by 
several episodes of biotic crisis (Raup and Sepkoski, 1982). Although there is a generally 
accepted consensus about the overall pattern of these changes, fine-scale observations may vary 
based on the study methodology (Alroy et al., 2008), the scale of the study (Dietl and Vermeij, 
2006), as well as the dataset used (Alroy et al., 2008). The goal of this dissertation is to use 
bivalves as a study group to test, how ecologic and taxonomic results can vary based on varying 
methodologies and the specific dataset used in for short- (Chapters I and II) and long-term studies 
(Chapters III-V). The ultimate goal is to better document paleoecologic and paleobiologic 
patterns of adaptation and evolution. Unless both the material (i.e., data) and methods are proper 
2 
and appropriate, the outcome of the abovementioned long- and short-term studies are potentially 
incomplete and equivocal, potentially leading to faulty conclusions.  
In the case of ecologic studies, two types are prevalent using bivalves: documenting the 
interaction among biotic components (i.e., competition and predation; e.g., Vermeij, 1987; Kelley 
et al., 2003) and investigating the biotic and abiotic components of the ecosystem (e.g., Bambach 
et al., 2007; Bush et al., 2007). For competition and predation, our understanding of the overall 
patterns can be modified depending upon the scale of the study. For example, it has been argued 
that ecological studies on competition and predation should be made at lower-taxon levels, 
instead of using assemblage-level data (Dietl and Vermeij, 2006). To accomplish that, available 
metrics can be used as indicators of this type of interaction, but these metrics are ill-equipped for 
the purpose mainly because the results can be explained by more than a single potential cause 
(Leighton, 2002). Moreover, these interactions can potentially change across intervals of biotic 
crisis (Kelley and Hansen, 1996; Reinhold and Kelley, 2005). Here, in Chapters I and II, I have 
developed and applied a methodology that connects all these components into a comprehensive 
approach to examining the predation phenomenon and have shown how biotic interaction on two 
Neogene bivalve clades can be better identified across a biotic crisis by updating the existing 
methodologies. 
Another mode of ecologic interaction is defined by how available resources, in the 
broadest sense of the term, are utilized by the organisms. For bivalves, this can be quantified by a 
three-dimensional representation of the overall ecospace (sensu Bambach et al., 2007; Bush et al. 
2003) based on three major controlling factors: locomotion (which is related to food acquisition), 
mode of food acquisition (feeding habit), and tiering (relative position with respect to the 
sediment-water interface); the combination of these components indicates how many different 
types of potential life modes existed among this Class and how ecospace occupation changed 
through time. As compared to other marine invertebrates with at least some degree of 
3 
skeletonization, bivalves are abundant with a rich, Phanerozoic fossil record (Hallam and Miller, 
1988) and can effectively be used in many ecological studies (Fraiser and Bottjer, 2007; Ros et 
al., 2012), because of their highly variable and easily identifiable morphologic adaptations 
(Stanley, 1968, 1975). However, no existing dataset has compiled this range of information. In 
the second part of my dissertation (Chapters III-IV), I have compiled a Phanerozoic-level dataset 
complete with ecological parameters to investigate how ecospace utilization has changed through 
time. More interestingly, I have compared the taxonomic and ecologic components of bivalves to 
study how these two diversity components are related in the contexts of Phanerozoic changes in 
geological and environmental conditions as identified from several proxies (isotopic and other). 
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CHAPTER I: PALEOECOLOGICAL SIGNIFICANCE OF COUPLING METRICS OF 
SUCCESSFUL AND UNSUCCESSFUL SHELL-BREAKING PREDATION: EXAMPLES 
USING NEOGENE BIVALVE PREY 
[published: Palaeogeography, Palaeoclimatology, Palaeoecology 399 (2014) 89–97] 
 
 
Abstract 
Traces of durophagous predation on molluscan prey have been used as proxies to 
reconstruct the nature and intensity of predator-prey interactions in both the fossil record and the 
modern oceans. Available metrics for the quantification of these interactions have focused either 
on failed/unsuccessful or successful attacks in isolation. Because predator-prey dynamics and 
subsequent adaptation depends on both the success as well as the failure of the predator, we 
propose to combine these two components to increase our ability to reconstruct the dynamics of 
these relationships in the past. In this study, two bivalve clades, Chione and Varicorbula, from 
Florida’s Plio-Pleistocene fossil record are used to show how the combination of repair frequency 
and estimated crushing mortality serve as better constraints on interpreting changes in predator-
prey interactions as compared to the more limited interpretations when these two metrics are used 
independently. When used in tandem, the two metrics document an overall predation intensity 
increase from the upper Pliocene Pinecrest Beds (upper Tamiami Formation to the overlying 
lower Pleistocene Caloosahatchee, and a decrease in successful attack frequency in the upper 
Pleistocene Bermont Formations. However, patterns were different in the upper Pleistocene Ft. 
Thompson Formation: successful attacks increased for Chione and decreased for Varicorbula. In 
detail, however, the overall dynamics for these two predator-prey systems varied, and they also 
changed differently throughout the studied interval. 
6 
Introduction 
Predation-driven adaptation reflects the evolutionary response of both predators and prey 
to their interactions, which includes a range of elements, such as encounter rate and survival. 
These interactions are hypothesized to exert an important control on prey phenotypes, abundance, 
and distribution within ecosystems (Vermeij, 1987; Walker and Brett, 2002; Huntley and 
Kowalewski, 2007; Stanley, 2008). When a predator attempts to subjugate its prey, there are two 
potential outcomes: 1) a successful attack (i.e., when a predatory attack leads to the prey’s 
death/consumption); or 2) failure (i.e., the prey survives and repairs its damage) (Vermeij, 1982). 
According to Dawkins and Krebs (1979), these outcomes are inherently unequal as their impact 
has dramatically different effects for predators and their prey. For predators, success results in 
obtaining additional food resources that, in turn, allow for longer survival and reproduction; 
failure implies a waste of energy and time, but does not, in most cases, result in immediate death 
(Vermeij, 1982; but see Brown and Kotler, 2004). However, from the prey’s perspective, failure 
by the predator directly impacts their survival as well as their subsequent ability to reproduce. 
Variation in a given predator’s frequency of success will potentially influence the prey’s survival, 
and natural selection may favor antipredatory adaptation in the prey when predators are less than 
100% successful (Vermeij, 1982). For this reason, in a specific prey-predator system, changes 
reflected in the success:failure ratio will be more important than isolated quantification of either 
success or failure. Whereas predator success or failure rates considered in isolation can provide 
some insight into the nature of these competition-driven interactions, the interpretations derived 
from such analyses are often equivocal. Treating success and failure simultaneously, the basis for 
the approach developed here, however, allows for a more constrained interpretation of these 
dynamics. 
The intensity of predator-prey interactions is typically measured by quantifying various 
preserved traces of predatory activities, including drill holes and repair scars (e.g., Kowalewski, 
7 
2002; Kelley et al., 2003). For shell-breaking predation, the different predation traces found in 
molluscs are induced by a broad taxonomic range of predators (e.g., Zuschin et al., 2003; Harper 
and Kelley, 2012), including fishes (e.g., Cate and Evans, 1994; Gray et al., 1997), crabs (e.g., 
Zipser and Vermeij, 1978; Boulding, 1984; Seed and Hughes, 1995), birds (e.g., Cadée, 1994; 
Hulscher, 1996), and gastropods (e.g., Alexander and Dietl, 2003; Dietl, 2003). Furthermore, 
evidence of these attacks is readily preserved in the fossil record as both broken and repaired 
shells. Quantification of the total attack frequency by durophages is problematic for several 
reasons (Harper and Kelley, 2012) including the preservation of shell wedging and pre-ingestion 
breaks as traces as well as the lack of traces left through whole-body swallowing and grazing by 
other. Moreover, if the prey shells are totally destroyed and fragmented, it is difficult to separate 
them from the abiotically damaged breaks. However, we can conservatively estimate the intensity 
of lethal attacks by using techniques that incorporate a measure of predatory attacks, and also 
account for shell damage induced by taphonomic processes (Vermeij, 1982; Stafford and 
Leighton, 2011). This approach was pioneered by Vermeij (1982) who utilized the frequency of 
shell breaks on drilled shells as a baseline to compensate for the amount of breakage induced by 
taphonomic processes, because the drilled shells represent individuals that were already killed by 
drilling predators and, therefore, any breaks on drilled shells are most parsimoniously interpreted 
as taphonomically induced. In comparison, a relatively precise measure of failure related to 
crushing predation can be determined by quantifying repair frequency (Càdee et al., 1997; 
Vermeij et al., 1981; Dietl et al., 2000; Walker, 2001; Alexander and Dietl, 2003; but see 
‘mistaken predation’ in Zuschin et al., 2013). 
The present study aims to capitalize on combining these various approaches to investigate 
the record of breakage and repair frequencies in Varicorbula sp. and Chione spp. from the well-
preserved, diverse, molluscan faunas from Florida’s late Neogene. Here, we will show that, taken 
together, frequencies of successful and unsuccessful predatory attacks reveal more detailed 
8 
information related to paleoecologic change (e.g., strength of predator-prey dynamics) as 
compared to when they are considered in isolation. 
 
Material and Methods 
The unlithified Plio-Pleistocene beds in Florida are rich in time-averaged, likely multiply 
reworked molluscan assemblages representing a variable range of shallow-water depositional 
environments, generally deposited above storm wave base (Allmon, 1993; Willard et al., 1993). 
All of the studied formations (Table 1.1; Fig. 1.1) are exposed in different locations in and around 
Florida and are dominated by molluscan shells within a matrix consisting of quartz sand or 
calcareous marls (DuBar, 1974; Petuch, 1982). These units are highly fossiliferous, with 
taxonomically diverse and extremely well-preserved faunas (Allmon, 1993). 
For this study, we examined a total of 2698 and 1842 valves of relatively full-grown 
Chione spp. and Varicorbula sp., respectively, from a total of nine bulk samples collected from 
four different stratigraphic units from five localities spanning the Plio-Pleistocene of Florida to 
study the temporal dynamics of durophagous predator-induced non-lethal and lethal shell breaks 
(Table 1.1; Fig. 1.1; appendix Tables A.1-2). These units include: the upper Pliocene Pinecrest 
Beds (upper Tamiami Formation; three samples), the lower Pleistocene Caloosahatchee (two 
samples), the middle to upper Pleistocene Bermont (one sample), and the upper Pleistocene Ft. 
Thompson (three samples). The bulk samples were initially washed through a 5 mm sieve 
followed by hand sorting and identification generally to the species level. Many of these samples 
had variable proportions of specimens which varied both spatially and temporally. Moreover, 
many of these samples lacked sufficient numbers of drilled and undrilled specimens to be 
analyzed statistically as required by the analyses undertaken herein. For this reason, data for each 
stratigraphic unit are pooled from bulk samples, which also minimized within-formation temporal 
and spatial heterogeneity. To avoid double counting (counting both the broken fragments of a 
single specimen more than once) only those complete or nearly complete (more than 90% of the 
9 
shell) drilled and undrilled valves that retained their umbones were included; the shell fragments 
were discarded from the analyses (a similar approach to that used by Stafford and Leighton, 
2011). 
In terms of their autecologies, Chione is a facultatively mobile, semi-infaunal, suspension 
feeder, which lives in both open sandy and sea-grass habitats (Roopnarine and Vermeij, 2000; S. 
M., pers. obs.), whereas Varicorbula is a stationary, infaunal, suspension feeder, generally living 
in subtidal sands with little to no mud (Mikkelsen and Bieler, 2007). Chione has elevated, sharp 
concentric ribs along with weaker costae, with relatively thick shells. In comparison, Varicorbula 
is globose, with prominent, equi-spaced weak, concentric ribs, on unequal valves (Fig. 1.2). 
Although two or three different species of Chione have been identified by previous authors from 
the study interval (Roopnarine and Vermeij, 2000), here they have been lumped into a single 
taxon based on their virtually indistinguishable morphologies (Jarrett and Harries, 2011). Given 
this morphologic similarity, they are considered equally vulnerable to predation. Furthermore, 
due to Varicorbula’s pronounced inequivalvedness, only the larger, convex, right valves were 
used in the present study as the smaller left valve is largely protected. In contrast, both left and 
right valves for Chione were used given their equivalvedness.  
Two different metrics were calculated for the present study: repair frequency (RF) and 
estimated crushing mortality (ECM; Vermeij, 1982). The former quantifies non- or sublethal, 
failed attacks that were repaired by the prey; whereas the latter allows more accurate estimates of 
lethal shell breaks by accounting for taphonomic breakage.  In the present study, both the repaired 
and unrepaired damages on Chione and Varicorbula are dominantly shallow chips (Fig. 1.2), 
which in some cases cross-cut growth lamellae (‘scalloped’ injuries of Alexander and Dietl, 
2001). The possibility exists that some of these repaired breaks were produced by agents other 
than predation (e.g., burrowing, Checa, 1993; impact by saltating clasts, Càdee, 1999); this can 
lead to an overestimate of predation-induced RF. These types of breaks are common in the case 
of thin-shelled deep-infaunal bivalves (Checa, 1993), but are unlikely in the relatively thick-
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shelled taxa studied here. The outer crossed-lamellar and inner complex crossed-lamellar 
microstructures found in Varicorbula (Harper et al., 2002) produces moderate fracture and 
bending strengths accompanied by high microhardness (Taylor and Layman, 1972), which further 
aid in diminishing the likelihood of burrowing-induced breaks.  
The ‘percent with scar’ method, the ratio between the number of individuals with at least 
one shell repair and the total number of individuals (Cadée et al., 1997; Walker, 2001), was used 
to calculate RF. This method is chosen over the ‘scar per shell’ method (Vermeij et al., 1981; 
Dietl et al., 2000), because this study is not aimed at determining the influence of antipredatory 
adaptations on relative repair frequency. Moreover, in this study, the focus was on the percentage 
of the total prey populations that survived predatory attacks during their lives. Given that larger 
individuals (i.e., adults) will in almost all cases have longer exposure time to predation than the 
smaller ones (Vermeij, 1987), only similarly sized prey interpreted as adults (for Chione, length = 
23-28 mm; for Varicorbula, length = 10-15 mm) were used to minimize the effect of a body size 
bias on predation frequency. The possibility does exist, however, that the individuals might be of 
different ages even at similar size (isotopic evidence suggests that Chione grows to full size 
within one year; Delaughter et al., 2006; see also Edie and Surge, 2013). In general, the number 
and positions of repairs are mirrored on opposing valves in equivalved prey, and differ in only a 
limited number of individuals (SM pers. obs. in various modern bivalves from Chandipur, India; 
see also Alexander and Dietl, 2005; Mondal and Herbert, 2010), and, therefore, both left and right 
valves were included for Chione (see also Alexander and Dietl, 2005). It should be noted that 
repairs on Chione are relatively subtle and difficult to identify, as compared to the more-distinct 
repairs on Varicorbula (Fig. 1.2). Thus, we have examined all Chione specimens under a 50X 
microscope to determine whether or not they contain repair scars.  
As shells can be broken by both biotic (e.g., Alexander and Dietl, 2003; Nagel-Myers et 
al., 2009) and abiotic (e.g., Checa, 1993; Ramsay et al., 2001) processes as well as both during 
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life and after death, a given assemblage likely contains specimens recording both types of shell 
damage. Therefore, the amount of taphonomically induced breakage must be accounted for so 
that the number of successful breaks and hence the predation-induced mortality rate can be 
effectively estimated and not represent an overestimation of true predation intensity. To 
compensate for this potential bias, Vermeij (1982) provided a mechanism to estimate minimum 
taphonomic overprinting of the durophagy signal, which was modified by Stafford and Leighton 
(2011):  
 ECM= (nBUD/nUD) - (nBD/nD), (1) 
where nBUD is the total number of undrilled shells which are broken, nUD is the total number of 
undrilled shells, nBD is the total number of drilled shells which are broken, and nD is the total 
number of drilled shells. This approach is predicated on the assumption that drilled shells 
represents individuals that were killed by drilling predators and this would deter shell crushers 
from further attacking them (Vermeij, 1982). In a few cases, drilled shells can also be broken by 
‘mistaken’ shell-breaking predation (LaBarbera, 1981; Zuschin et al., 2013), but this occurs very 
infrequently in bivalves (Walker and Yamada, 1993). Therefore, the assumption has been made 
that mistaken predation had a limited impact on the ECM calculation. In that case, any breakage 
on drilled shells must be post mortem and, therefore, taphonomic in origin. In addition, point-
loaded drilled shells (Roy et al, 1994) may be selectively broken as compared to undrilled shells; 
however, point loading is not a realistic representation of sediment compaction. The latter type of 
loading does not result in the selective breakage of either drilled or undrilled shells (Nebelsick 
and Kowalewski, 1999; Kaplan and Baumiller, 2000; Zuschin and Stanton, 2001). In sum, 
breakage on undrilled shells reflects a combination of both taphonomic factors as well as that 
induced by shell-crushing predators. This frequency can then be subtracted from the total 
breakage in undrilled shells to estimate the amount of predator-induced breakage. 
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To examine the temporal changes in RF and ECM, the values were compared statistically 
using the chi-square test of independence to elucidate significant changes in predation intensities 
(Table 1.3).  It should be noted that a single individual can preserve evidence for both successful 
and unsuccessful shell-breaking damages, which have been counted separately. To mitigate 
against the effect of uneven sampling intensities in the study, a bootstrap of 1000 iterations for 
each of the ECM and RRF values from each stratigraphic unit was run, by generating random 
samples by resampling with replacement (Kowalewski and Novak-Gottshall, 2010); this was 
undertaken using the statistical software R (R Development Core Team, 2011). The resampled 
median values were indistinguishable from our pooled values (Fig. 1.3). Because of this 
pronounced similarity, we have used our original pooled sample data for the present study.  
Finally, to test the veracity of the assumption that taphonomic biases act in a similar 
manner on both drilled and undrilled shells, a supposition supported by previous studies 
(Nebelsick and Kowalewski, 1999; Kaplan and Baumiller, 2000), the frequencies of sponge 
boring – presence/absence of bioerosion that occurs post mortem – were examined on both drilled 
and undrilled shells of Chione. If there is no post mortem selectivity of this taphonomic 
bioerosion, frequencies of sponge boring on drilled and undrilled shells should not be 
significantly different (Table 1.1; see also Stafford and Leighton, 2011) . For the Bermont, it was 
difficult to test for taphonomic bias, because only a small subset of the entire bulk sample was 
used for the RF-ECM study and was mistakenly not retained separately for taphonomic analysis. 
For this reason, we have taken two small subsamples (n = 123 and 118) from the same bulk 
sample, which were pooled together later for the taphonomic analysis. Chi-square test of 
independence, with α = 0.05, was used for all statistical analyses. 
 
Results 
An examination of several taphonomically related parameters revealed that all of the 
collected samples consisted of both juvenile and adult individuals as well as virtually identical 
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proportions of left and right valves (Table 1.1). For the Pinecrest, Caloosahatchee, Bermont, and 
Fort Thompson, the RV:LV ratios were 0.973, 1.009, 0.997, and 0.963, respectively (Chi-square 
goodness of fit p >0.6, for all cases). Furthermore, shell preservation is excellent, consisting of 
the retention of original aragonite. In addition, limited evidence of corrosion and abrasion of shell 
ornament is visible, and a wide range of taxa of varying sizes can be found together, although, as 
mentioned above, only specimens within a specific size range were used in this study. Our 
examination of clionid sponge boring on Chione revealed a similar frequency on both drilled and 
undrilled shells (see Table 1.1). Two small subsamples of the Bermont, independently (p= 0.373 
and 0.716, respectively), as well as when they were pooled (p= 0.746) together, also showed no 
selective taphonomic overprinting between the drilled and undrilled shells. 
 
Repair frequency 
Table 2 lists pooled RFs calculated for Chione and Varicorbula for the four late Neogene 
stratigraphic intervals studied here. In Chione, the parameter varies from a minimum of 7.7% in 
the Pinecrest Beds to a maximum of 11.6% in the Bermont Formation (Table 1.2). Varicorbula 
has higher repair frequencies that range from a minimum of 17.0% in the Ft. Thomson to a 
maximum of 30.9% in the Caloosahatchee. For all stratigraphic units, the RF values for 
Varicorbula are greater than those displayed by Chione. The number of specimens with multiple 
repairs on both of the studied species was highest in the Caloosahatchee (Table 1.2), as compared 
to the other three units. 
In Chione, RF remained unchanged among the Pinecrest Beds and the Caloosahatchee 
and the Ft. Thompson (p = 0.790 and 0.664, respectively; Table 1.3), but increased significantly 
in the Bermont (p = 0.021). Although RF values are not significantly different between the 
Pinecrest and Bermont as well as between the Bermont and Ft. Thompson based on the standard, 
yet arbitrary, 95% significance value (e.g., McDonald, 2008; Beninger et al., 2012), they are quite 
dissimilar with p values of 0.062 and 0.059, respectively, especially in contrast to the other 
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comparisons (Table 1.3). In Varicorbula, RF fluctuates without any overall change during the 
Plio-Pleistocene interval. Values for three of the four units are almost identical (see Tables 1.2 
and 1.3) with the only significant change in RF associated with the Caloosahatchee (see p values 
in Table 1.3), with a return to values closer to those for the Pinecrest during the Bermont (p = 
0.790). RF did not change significantly from the Bermont to the Ft. Thompson (p = 0.436) (Fig. 
1.3).  
 
Estimated crushing mortality 
For both studied taxa, values of ECM in the Pinecrest Beds are negative. In comparison, 
ECMs for other three units are positive, although they vary in magnitude. Because predation 
pressure cannot be negative, we have considered EMCs for the Pinecrest Beds, for both species, 
as 0.001 (a value very close to 0) for statistical comparison. Positive values of ECMs calculated 
for Chione vary from a minimum of 0.4% in the Caloosahatchee and Bermont to a maximum of 
3.9% in the Ft. Thompson (Table 1.2). There was no change in ECM from the Pinecrest Beds up 
to the Bermont (p = 0.401 and ~1.00 respectively); ECM rose in the youngest Ft. Thompson (p 
<0.001), which is also significantly higher than the other three units (Table 1.3). 
For Varicorbula, ECM is also variable with positive values ranging from a minimum of 
6.1% in the Ft. Thompson to a maximum of 20.5% in the Caloosahatchee. ECM rose significantly 
from the Pinecrest Beds to the Caloosahatchee (p < 0.001), and then fell significantly in the 
overlying units (p= 0.019 and <0.001).  
 
Discussion 
Taphonomic results 
A critical element of the approach being used in this study is centered on determining 
whether or not the range of taphonomic processes impacting the studied specimens affected them 
identically whether they were drilled or not. Our examination of the intensity of clionid sponge 
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borings revealed no difference in taphonomic overprinting between drilled and undrilled shells 
(Table 1.1), which further supports our contention that there is limited selectivity and bias 
between how drilled and undrilled shells were impacted by taphonomic processes (see also 
Nebelsick and Kowalewski, 1999; Kaplan and Baumiller, 2000). However, given the relative 
rarity of sponge bored specimens found in the samples analyzed, it is difficult to determine the 
actual impact of taphonomy on the shells. Moreover, the rigid application of a 95% significance 
value (e.g., McDonald, 2008; Beninger et al., 2012) may be another problem in choosing a 
hypothetical cutoff for biological system in general and paleontological data in specific. 
However, the argument that taphonomy played a little role in the bulk samples examined in this 
study can be further supported by other evidence: both juvenile and adult individuals are present 
in the sample, both left and right valves are equally common, and shell preservation is excellent, 
i.e., original aragonite is present (taphonomic grade two to three according to the scheme 
developed by Flessa et al., 1993). 
 
Interpretations of metrics independently 
RF: The relatively lower RFs in Chione as compared to Varicorbula are consistent with 
previously reported repair frequencies on these two clades (Corbula gibba from the Pliocene of 
Italy had an RF of 35% [Robba and Ostinelli, 1975]; C. elevata from the Pleistocene and Recent 
of Florida showed an RF of <1 to 6%, Alexander and Dietl, 2005). This trend of higher RFs in 
Varicorbula is mirrored in every stratigraphic interval examined here (Table 1.2). Relatively 
higher RFs in Varicorbula throughout the study interval can be interpreted in a variety of ways. 
For example, these two prey species differ in their sizes which implies that they might have 
different life spans, and, therefore, different exposure times to predation (Vermeij, 1987), 
different levels of prey-selectivity related to cost-benefit ratios (Kitchell et al., 1981), or 
presence/absence of defensive shell microstructure (Kelley, 1988; Kardon, 1998). However, the 
most-favored interpretation of these sorts of differences are either that Varicorbula experienced 
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higher predation pressure than Chione or that attacks on Varicorbula were less successful as 
compared to those on Chione.  
The higher RFs displayed by Varicorbula could result from the prey’s antipredatory 
adaptations, especially as the inflated right valve acts as a pseudo-venter reflecting the 
inequivalved nature of the clade (Nicol, 1958; McGhee, 1978; Lewy and Samtleben, 1979). 
Given this characteristic, shell-breaking predators initiate their attacks at the commissure of the 
right valve (i.e., at that pseudo-venter), but this valve inequality acts as a potential defense 
(Vermeij, 1983). Another potential cause for the higher prevalence of failed attacks on 
Varicorbula might be due to their shell microstructure. Corbulid bivalves have outer crossed-
lamellar and inner complex crossed-lamellar microstructures (Harper et al., 2002). Both of these 
two microstructures have moderate fracture and bending strengths, with very high microhardness 
(Taylor and Layman, 1972). Moreover, the presence of organic conchiolin layers may be another 
defensive exaptation/adaptation that potentially reduces predation efficiencies (Kelley, 1988; 
Kardon, 1998). These types of shell microstructure are helpful for burrowing into the sediment 
(Taylor and Layman, 1972) and might reduce fracture propagation generated under predatory 
attacks. In sum, although Varicorbula suffered more failed predatory attacks, it is unclear from 
RFs alone whether this resulted from an increased number of attacks due to prey preference or as 
a result of antipredatory adaptations. 
In terms of examining temporal change in RF, the results are ambiguous. Temporal 
changes in RF can have multiple explanations (Vermeij, 1987; Leighton, 2002). Increases can 
result from a rise in the number of predatory attacks either due to an increase in predators or a 
change in prey preference (may be due to antipredatory morphological changes as well as 
reduction in or extinction of other available prey in the community), with no change in defensive 
capabilities of the prey. On the other hand, decreases may reflect a reduction in the frequency of 
successful attacks by predators either due to improvement in prey defense or an increase in shell-
breaking strength (Table 1.4). The evidence for temporally significant change in the antipredatory 
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adaptations (e.g., shell thickness, shell size, etc.) in these two genera during the study interval is 
not undocumented (but see Roopnarine 1996), therefore this response is assumed to be very 
limited, if present.  
ECM: Despite Varicorbula’s pronounced inequivalved morphology, this feature 
apparently was not a more successful deterrent to predation as compared to Chione, as seen in the 
higher ECM values in the former. Furthermore, these two taxa differ in their relative abundances 
– Varicorbula is always less abundant than Chione in all pooled as well as individual samples 
from each unit – and in their external ornamentation and degree of valve inequality (Table 1.1). 
For this reason, whether this variation in intensity of successful attacks on two differently 
abundant and morphologically distinct prey was a result of an increased number of attacks on 
them or a result of prey preference remains unclear when ECM is used in isolation. However, the 
overall differences in RF and ECM values for the two prey cannot be explained by the hypothesis 
that the different groups of shell-breaking predators were involved in the attack on the two prey, 
because, morphologically, both the breaks and repaired scars are ‘scalloped’ in nature (sensu 
Alexander and Dietl, 2001).  
Negative values of ECMs for the Pinecrest (Table 1.2) indicate that successful predation 
frequency during that time was extremely low and, in fact, so low that any evidence of crushing 
predation is overprinted by taphonomic processes. To accommodate these values in the statistical 
analyses, these EMC values were considered as 0.1% (a value close to zero). Negative values 
during that interval cannot simply be attributed to low specimen counts (Tables 1.1, 1.2). In fact, 
at least for Chione, successful shell-breaking attack frequency was very low throughout (see 
ECM values in Table 1.2). Other than that interval (i.e., Pinecrest) the conservative estimates of 
the successful attack frequencies of the two taxa show significant temporal changes. However, as 
was the case with RF, when temporal changes in ECM are examined, a similar difficulty in 
interpreting causation exists; there is a pronounced limitation in using them independently. 
 
18 
Inferred interpretations with coupled RF-ECM 
Previous studies on shell-breaking predation have, in most cases, dealt with predator’s 
success or failure separately, without considering their interrelationships. A few predation studies 
have incorporated both of these components (e.g., Kelley, 1989; Kelley and Hansen, 2006, 2007; 
Sawyer and Zuschin, 2011), however, they have not combined these two components to gain 
more insight into the predator-prey dynamics. The major significance of this study is that it 
documents that when these metrics are used in tandem it increases the potential to determine 
paleoecological trends based on these two variables (Table 1.4). For example, if both RF and 
ECM increase, this indicates an overall rise in the total number of attacks on any prey species, 
which likely represents an increase in predation pressure. In contrast, a rise in RF coupled with a 
fall in ECM indicates an increase in predator failure. This pattern suggests either an increase in 
prey defense (Vermeij, 1977, 1987) or decrease in effectiveness of the predators (Vermeij, 1987).  
When RF decreases through time accompanied by a decrease in ECM, this indicates an overall 
reduction in the number of predatory attacks, and the inverse – a decrease in RF in conjunction 
with an increase in ECM – indicates an increase in predator(s) success. This increased success 
can be interpreted in two ways: either predators became escalated (sensu Vermeij, 1987) or the 
prey became de-escalated, such as when prey with well-developed antipredatory adaptations was 
selectively killed by some ecologic disruption (Vermeij, 1987; see also Kelley and Hansen, 1996; 
Reinhold and Kelley, 2005; but see Hansen et al., 1999) or variation in predator:prey ratios (see 
below). Given that both of the studied clades survived the Plio-Pleistocene extinctions (Stanley, 
1986) with no substantial morphologic change, de-escalation of the prey hypothesis is unlikely 
for these taxa. 
When RF and ECM are used in tandem, the combined data (Table 1.2) suggest that, for 
the study interval, Varicorbula was more frequently attacked, as indicated by overall higher 
intensities of both successful and unsuccessful predatory attacks, than Chione. These attacks were 
more frequent even though Varicorbula’s shell is potentially more resistant to crushing predation 
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and has relatively strong external shell ornamentation, despite its relatively small size. This 
suggests that either the inferred antipredatory shell morphology of Varicorbula did not actually 
function effectively against shell-breaking predation, but results from an adaptive response for 
other functions (Stanley, 1975), or they were attacked by a different set of predators than those 
preying upon Chione. These combined metrics suggest that the use of ECM data alone could 
potentially have been misinterpreted as those metrics suggest that both prey species suffered 
similar predation pressure and RF would have been used as indicative of prey’s antipredatory 
adaptation.  
From the Pinecrest to the Caloosahatchee, overall shell-breaking predation intensity 
increased as both RF and ECM increased for Varicorbula (Fig. 1.3). In addition, the number of 
shells with multiple repairs on both of these studied species increased (see Table 1.2), which also 
suggests an increase in overall predation in the form of higher encounter rates during the 
Caloosahatchee Formation. From the Caloosahatchee to the Bermont, an increase in RF along 
with a virtually constant EMC for Chione and a dramatic fall in both RF and ECM on 
Varicorbula indicate the overall decrease in predator’s successful attacks which can be explained 
by either the reduction in abundance or potentially the extinction of shell-crushing predators. 
During this interval, there is also a decrease in the number of multiple repairs on both of these 
studied species (see Table 1.2), which also suggests a decrease in predator-prey encounters as 
compared to the previous interval. Lastly, from the Bermont to the Ft. Thompson, the 
predator:prey relationship differed between Chione and Varicorbula; a fall in ECM with invariant 
RF suggests a further reduction of shell-crushing predators in the case of Varicorbula, whereas a 
rise in ECM along with constant RF for Chione indicates a rise in predation attacks. 
From the Caloosahatchee to the Bermont, RF in Chione increased with an unchanged 
ECM, which suggests that RF was not associated with an increase in predation as given the lack 
of concomitant increase in ECM. In Varicorbula, both RF and ECM decreased between these 
units. These coupled changes indicate an overall decrease in successful attacks on the prey. The 
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probable causes behind this decrease in predation success can be either an increase in 
antipredatory adaptation (in the form of ornamentation, etc.; Vermeij, 1987) of the prey (i.e., 
escalation), or de-escalation of the successful predators by extinction, Vermeij, 1987; see also 
Kelley and Hansen, 1996; Reinhold and Kelley, 2005; but see Hansen et al., 1999), or by 
variation in predator:prey ratios. Given that both the prey species showed no visible variation in 
thickness or ornamentation throughout the studied interval, implies that the extinction of the 
predators is more likely. Selective removal of some of the shell-breaking predators, associated 
with the Plio-Pleistocene extinctions in Florida (Stanley, 1986; Vermeij and Petuch, 1986; 
Petuch, 1995) may have changed these predator-prey interactions (see Table 1.3). However, these 
contrasting trends between the taxa suggest that different predators were preying on the two 
clades with potentially variable responses to the environmental changes associated with the Plio-
Pleistocene.  
The overall pattern of temporal changes in predation can also be influenced by the 
relative abundances of predator and prey (Leighton, 2002; Vermeij, 2002). The relative 
abundance between Chione and Varicorbula changed from the Pinecrest to the post-Pinecrest 
intervals. In the Pinecrest beds, they were similarly abundant (Chione:Varicorbula=1:1.06; χ2 = 
0.086, p = 0.77), whereas in the next three horizons, Chione increased in relative abundance 
(Chione:Varicorbula ~50:1) and became the most abundant bivalve prey. If prey abundance 
influences predation intensity by increasing the number of predator encounters with an increase in 
prey abundance (Vermeij, 2002), then we should expect higher intensity of predation on Chione 
in these three formations as compared to the Pinecrest. Instead, Varicorbula was more frequently 
attacked throughout the whole interval, even during the Pinecrest time, when both of these prey 
were similarly abundant. This implies that, at least in the system studied here, changes in the 
prey’s relative abundance do not play a significant role in regulating the rate of predation and that 
the relationship between predator and prey population is not a relationship that remains 
proportionate (see also White, 2013 for other examples). 
21 
Changes in Chione’s abundance alone are insufficient to explain the pattern of fluctuating 
predation. The relative abundance of Chione, with respect to other bivalves in the assemblage, 
has changed significantly (p < 0.001) from the Pinecrest Beds, where Chione was relatively 
uncommon to the younger units (Paul, 2008); in the Ft. Thompson, Chione represents ~80% of 
the bivalve population. Although Chione’s relative abundance did not vary appreciably between 
the Caloosahatchee and the Bermont, RF changed significantly. Similarly, although the increase 
in abundance from the Bermont to the Ft. Thompson is mirrored by an increase in ECM, RF 
remained statistically identical. Taken in their totality, these data indicate little or no role of actual 
prey abundance on predation intensity, at least in the present study. Quantification of the 
predator:prey ratio might give us insight into this trend, but predator abundance is difficult to 
quantify in the fossil record. 
There remain some difficulties in explaining several changes seen in the present study. 
For Chione, no significant changes in RF occurred from the Bermont to the Ft. Thompson, 
whereas ECM increased significantly. This indicates a rise in predator efficiency, without any 
change in their frequencies of failure. One explanation may be the addition of new crushing 
predators(s) against which the prey displayed a reduced level of effective defense. Furthermore, 
for Varicorbula, it is difficult to explain the transition from the Bermont to the Ft. Thompson 
where ECM decreased and RF remained unchanged. Many factors including the predator:prey 
ratio, changes in prey morphology with time, and quantification of whole-shell ingestion and 
fragmentation might be helpful to explain these patterns. In addition, identification of the 
predators involved, by examining more detailed patterns of predation (e.g., size selectivity, site 
selectivity, severity of breaks), is required to better understand these trends (Mondal et al., 2010; 
Mondal and Herbert, 2012). 
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Conclusions 
Previous studies devoted to investigating predatory success and failure examined those 
issues in relative isolation without combining them to examine their interrelationships and 
adaptive consequences. As shown in this study, however, the comparison of repair frequency 
(RF) and estimated crushing mortality (ECM) gives increased insight into predation dynamics. If 
predation acts as an agent of natural selection (Vermeij, 1987), prey adaptation and subsequent 
survival in the face of predatory attacks are at least important, and potentially more so from an 
evolutionary perspective. To what level predators influence this adaptation depends upon how 
strongly they exert pressure on their prey. The strength of this interaction can only be identified 
when both the success and failure of predators are used together. Therefore, to better constrain 
paleoecological interpretations related to the dynamics of crushing predation, RF and ECM 
should be used in tandem. 
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Figures 
 
Figure 1.1. Collection localities and stratigraphic distributions of samples collected from the Plio-
Pleistocene of Florida, redrawn and modified after Kolbe et al., 2011.  
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Figure 1.2. Typical successful and unsuccessful attacks on Chione and Varicorbula. A-C: repair 
scar on Chione; the arrow indicates the scar and the dashed lines connect similar points in the 
photographs and diagram. The white dotted line in C traces the jagged repair. D-E: other types of 
damage on Chione. D: broken/chipped venter (the dotted line depicts the unbroken ventral part); 
E: drilled specimens; borehole indicated by arrow. F: drilled Varicorbula; G: Varicorbula with 
breakage along the ventral margin. H-J: repair scar on Varicorbula; arrows and lines as in A-C. 
Scale bar applies to all figures with the exceptions of B, C, I, and J. 
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Figure 1.3. Temporal trends in ECM (squares) and RF (circles) for the two studied species (dotted 
lines indicate statistically non-significant changes from the previous interval). Note that temporal 
trends in the resampled median values (left and right columns) were indistinguishable from our 
pooled (middle column) values (see text). 
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Tables 
Table 1.1. The stratigraphic positions of bulk samples collected for the present analysis (abundance of both of these prey were low 
during the Late Pliocene Tamiami Fm). LV/RV= indicates the ratio of left and right valves. # of valves with sponge boring 
represents the data used to calculate the taphonomic effect on drilled and undrilled valves on Chione. These display no evidence 
for a taphonomic bias (see p values). For the Bermont Formation, two small subsets (pooled together in the table) of an entire bulk 
sample were used to determine the taphonomic bias (see section 4.1). *For Varicorbula, only right valves were included as they 
are more readily exposed to predation (see text).  
 
Stratigraphic units 
Localities (number of 
bulk samples) 
Varicorbula  Chione  
Total 
Number of 
right valves* 
Total Number of 
valves 
[drilled+undrilled]; 
(LV/RV) 
# of valves with 
sponge boring 
 
Drilled Undrilled 
p-
value 
Late Pleistocene Ft. 
Thompson Fm. 
Mira Largo (1), Bermont 
Pit (2) 
 
322 
656 [204+452]; 
(0.963) 
3 9 0.651 
Middle Pleistocene 
Bermont Fm. 
 
DeSoto (1) 576 
595 [223+372];  
(0.997) 
4 8 0.746 
Early Pleistocene 
Caloosahatchee Fm. 
 
DeSoto (2) 698 
1111 [359+752]; 
(1.009) 
19 65 0.065 
Late Pliocene Tamiami 
Fm. 
(Pinecrest beds) 
Bed 7 (Sarasota) (1), Bed 
2 (Sarasota) (1), APAC 
Bed 6-7 (Sarasota) (1) 
246 
336 [53+283];  
(0.973) 
7 31 0.673 
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Table 1.2. Summary of Estimated Crushing Mortality (ECMs) and Repair Frequency (RFs) together with the raw data used in the 
calculations. Pc = Tamiami Formation (Pinecrest Beds), Cl = Caloosahatchee Formation, Be = Bermont Formation, and FtT = Ft. 
Thompson Formation. 
 
 
C
h
io
n
e 
Stratigraphic 
horizons 
Number of repaired 
valves; ()= no. of 
valves  with >1 scar 
Repair 
Frequency 
(RF) 
# of total shells # broken shells Estimated 
Crushing 
Mortality 
(ECM) 
Drilled 
(nD) 
Undrilled 
(nUD) 
Drilled 
(nBD) 
Undrilled 
(nBUD) 
Ft. Thompson Fm. 55 (2) 0.084 204 452 104 248 0.039 
Bermont Fm. 69 (3) 0.116 223 372 158 265 0.004 
Caloosahatchee Fm. 91 (10) 0.082 359 752 188 397 0.004 
Tamiami Fm. 
(Pinecrest beds) 
26 (1) 0.077 53 283 38 181 -0.078 
V
a
ri
co
rb
u
la
 Ft. Thompson Fm. 55 (5) 0.170 76 246 46 164 0.061 
Bermont Fm. 110 (8) 0.191 201 375 124 289 0.154 
Caloosahatchee Fm. 216 (25) 0.309 168 530 104 437 0.205 
Tamiami Fm. 
(Pinecrest beds) 
49 (2) 0.199 108 138 85 101 -0.055 
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Table 1.3. Correlation between ECM and RF on the two studied species among the stratigraphic 
intervals have been tested by using Chi-square tests of independence, with α =0.05. Statistically 
significant correlations (see p-values) are denoted in bold. Pc = Tamiami Formation (Pinecrest 
beds), Cl = Caloosahatchee Formation, Be = Bermont Formation, and FtT = Ft. Thompson 
Formation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ECM   RF 
 Pc Cl Be FtT   Pc Cl Be FtT 
Chione 
Cl 0.401 -- -- --  Cl 0.79 -- -- -- 
Be 0.415 >0.99 -- --  Be 0.062 0.021 -- -- 
FtT <0.001 <0.001 <0.001 --  FtT 0.664 0.825 0.059 -- 
Varicorbula 
Cl <0.001 -- -- --  Cl 0.001 -- -- -- 
Be <0.001 0.019 -- --  Be 0.790 <<0.001 -- -- 
FtT <0.001 <0.001 <0.001 --  FtT 0.375 <<0.001 0.436 -- 
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Table 1.4. Potential interpretations of temporal changes pf coupled ECM-RF trends and their paleoecological interpretation have been 
listed (see text for details).   
 
Frequencies of 
attacks 
 
Failed 
(RF) 
Successful 
(ECM) 
Paleoecologic Interpretation 
Increase Increase Increase in number of attacks  rise in predation pressure 
Decrease Decrease Decrease in number of attacks  fall in predation pressure 
Decrease Increase Rate of success increased  escalation of predators or de-escalation of prey 
Increase Decrease Rate of success decreased  escalation in prey defenses or de-escalation of 
predator 
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CHAPTER II: TEMPORAL PATTERNS IN SUCCESSFUL AND UNSUCCESSFUL 
SHELL-BREAKING PREDATORY ATTACK STRATEGIES ON VARICORBULA  
IN THE PLIO-PLEISTOCENE OF FLORIDA 
 
 
Abstract 
Shell-breaking predators can employ multiple strategies when they attack their molluscan 
prey. Some of these attacks are highly effective and lead to the successful subjugation of prey and 
should be favored by natural selection, whereas other attacks are more likely to fail. Here, we use 
an analysis combining data from both the size and position of successful (breaks) and failed 
attacks (scars) by shell-breaking predators on Varicorbula sp. to examine how the effectiveness 
of different attack strategies has changed through the Plio-Pleistocene of Florida. Predators, most 
likely crabs, preferentially attacked the venter during Caloosahatchee and Bermont times, 
whereas during the Pinecrest Beds and the Ft. Thompson they favored the posterior portions of 
the shell. In terms of predatory success relative to the site and the length of shell damage, 
extensive breaks were almost always successful, and minor-medium attacks are the most common 
type of attack. The broader implications of this suggest that interpretations based either on scars 
or breaks in isolation as an indicator of predation can lead to erroneous interpretations, and breaks 
and scars in association with size and location information should be used in tandem to better 
constrain potential ecological interpretations. 
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Introduction 
Shell-breaking molluscivores, as seen in all other groups of predators, are less than 100% 
successful in killing their prey (e.g., Vermeij, 1982). Whereas successful attacks – those which 
lead to a prey’s demise and consumption – leave no evidence of repair, unsuccessful (i.e., non-
/sub-lethal) attacks often lead to skeletal damage in various prey types, including molluscs, that 
may be repaired and then preserved as scars on the shell/skeleton. Quantification of these 
successful and unsuccessful attacks using various approaches, such as estimated crushing 
mortality (ECM) and repair frequency (RF), in tandem, can effectively identify temporal changes 
in predation pressure (Mondal et al., 2014a). However, as they are typically used individually, 
these metrics offer relatively limited and often skewed insights into aspects of predatory behavior, 
including site selectivity and magnitude of attacks. Moreover, these metrics cannot be used to 
identify any potential differences in the types of attacks involved in successful and unsuccessful 
predation. Identification of predatory attack strategies involved in the successful killing of prey 
has evolutionary significance; if a certain mode of attack increases the predator’s success, this 
strategy should be favored by natural selection according to the escalation hypothesis and, 
therefore, has the potential to become ecologically widespread (Vermeij, 1982). 
In many cases, it is difficult to identify which attack strategies used by shell-crushing 
predators are more successful than others solely by examining predation traces. For example, 
frequent ventral repairs on a bivalve prey does not necessarily indicate that attacks in that region 
were more likely to fail; the venter may have been the site attacked most frequently, and, 
therefore, it would have the highest potential for frequent traces of both successful and 
unsuccessful attacks. To deal with these issues effectively, a method is required to correlate 
predator success with specific attack strategies employed by them. A preferred way to identify 
traces of lethal attacks is to make direct laboratory observations and then apply those paradigms 
to identical species collected in the field (see Vermeij, 1982). However, to be effective this 
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methodology requires that all potential predators are known and that behavior is not altered in the 
confines of the laboratory environment. Furthermore, a single predator can employ multiple 
attack strategies when they attack different prey species (e.g., Zipser and Vermeij [1978] and 
Mondal et al. [2014b] for examples involving shell-breaking and drilling predation, respectively). 
Furthermore, this approach cannot be effectively used in the fossil record given the difficult in 
effectively constraining many of the elements involved as well as the impact that evolution may 
have imparted on predator-prey relationships. 
In the current study, data from both successful (lethal breaks) and unsuccessful (repaired 
breaks or scars) attacks are used in tandem to effectively investigate how predator success varies 
with specific attack strategies upon a given prey through four Plio-Pleistocene intervals. When 
successful and unsuccessful predatory attacks are examined together, in contrast to the use of 
these parameters in isolation, the interpretations are more reliable and meaningful (Mondal et al., 
2014a). Furthermore, this methodology can identify potential lethal and non-lethal attack 
strategies by examining the proportion of breaks and scars preserved on a given prey species, 
which might be useful to better understand extinct predators and their attack strategies. For 
example, if the attack is generally lethal, it will leave a higher proportion of traces of successful 
predation (i.e., breaks) as compared to failure (i.e., scars). On the other hand, if a certain type of 
attack is typically represented dominantly by repair scars, this will call into question the efficacy 
of such an attack. Thus, by examining a spectrum of damage types within the context of their 
stereotypy, predator success can potentially be predicted in both modern as well as in fossil taxa 
allowing for temporal changes to be more effectively investigated and interpreted. 
To test this ability, the present study employs data on predation traces from the 
Quaternary of Florida of both successful and unsuccessful shell-breaking predation collected for a 
single taxon, Varicorbula. Data on breaks and scars were used in tandem to address the following 
issues: (1) which specific attack strategies were proportionately more or less lethal; (2) which 
type(s) of attack was/were most commonly employed by predators feeding on Varicorbula 
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through the Quaternary; and (3) can potential changes in the prevalence of various attack 
strategies be traced temporally through the examination of these predation traces. 
 
Material and Methods 
Well-preserved, highly fossiliferous Plio-Pleistocene fossil beds exposed in different 
locations in Florida are rich in unlithified, time-averaged, potentially multiply reworked, and 
taxonomically diverse molluscan assemblages (Allmon, 1993). For the present study, samples 
collected from the uppermost Pliocene to lowest Pleistocene Pinecrest Beds (upper Tamiami 
Formation), lower Pleistocene Caloosahatchee, middle-upper Pleistocene Bermont, and 
uppermost Pleistocene Ft. Thompson formations were used (see Mondal et al., 2014a for details). 
A total of 1842 well-preserved right valves of adult Varicorbula sp. specimens were studied 
(Table 2.1; appendix Table A.1). This taxon is characterized by pronounced inequivalvedness 
with the right valve considerably more inflated than the left valve and ornamented with equi-
spaced, relatively weak, concentric ribs (Fig. 2.1). Due to Varicorbula’s pronounced 
inequivalvedness, only the convex, larger, right valves were included, as the smaller left valves 
are largely protected from predatory attack by the enveloping right valve. 
In an effort to reduce the ambiguity that can arise in such predation studies, this study 
uses classification criteria that are quantitative and that can be categorized with considerable 
precision. Distribution of breaks and scars along the commissure of the shell were assigned to 
three regions based on tangents drawn from the umbo and intersecting the anterior- and posterior-
most margins of the posterior and anterior adductor muscle scars, respectively, resulting in the 
subdivision of the shells into ventral (v), posterior (p), and anterior (a) sectors (Fig. 2.1). This 
subdivision does not result in equal areas; the ventral sector is twice as large as the other two 
regions. To account for this inequality, the data have been normalized by dividing the number of 
scars and breaks located in the ventral area by two (Tbreaks (on UD*) % [N] and Tscars (D+UD) % 
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[N] in Table 2.1). Although rare in the specimens investigated here, some of the individuals 
display breaks/scars that extend across more than one of the three shell sectors. These 
breaks/scars were included in the counts for each sector in which they were found. For example, 
if a break trends along the entire commissure, it was counted three times, once in each sector. 
Although this manner of counting can potentially inflate the total number of scars/breaks, and 
thus the overall frequency of break/scar on the studied species, this approach is helpful in 
comparing relative proportion of breaks/scars within the three sectors.  
In addition to determining their position on the various valves investigated, the relative 
sizes of breaks/scars present in each of the three shell sectors were categorized. This was 
determined based on the length of the scar/repair as a proportion of body length (Fig. 2.2; see also 
Mondal et al., 2010a; Mondal and Herbert, 2012; Mondal et al., in press), and are broadly 
comparable to Stafford and Leighton’s (2011) intensity-based categories of shell breaks in 
gastropods which include shallow, deep, and extensive aperture chips (see their fig. 5). Here, 
these features were categorized as minor, medium, and extensive reflecting breaks/scars <15%, 
from 15-50%, and >50% of shell length, respectively. This length categorization was tabulated to 
document the interrelationship between location and size of the breaks/scars, which have the 
potential to reveal important aspects of the ecological interactions associated with predator/prey 
relationships. Finally, the total number of drilled shells with more than one break on them was 
tabulated.  
It should be noted that the total number of specimens used for calculating the scars and 
breaks are different. For repaired damages, scars indicate unsuccessful predatory attacks, and, 
therefore, both the drilled and undrilled specimens were used for determining the relative 
proportion of scars (Tscars (D+UD) in Table 2.1). However, for the calculation of breaks, we have 
only used the undrilled shells from the samples as drilled shells represent successful predation by 
drilling gastropods. Given the likelihood that these individuals were killed by the predators that 
39 
penetrated the shells, any breaks found on these are considered abiotic in origin and unrelated to 
the lethal predation-induced breaks examined here. Therefore, these drilled shells were excluded 
from the shell-break calculations. Furthermore, the number of undrilled shells with breaks likely 
contain both biotic and abiotic breaks (Tbreaks (on UD**) in Table 2.1). As there is no reason to 
infer that drilled shells underwent a different taphonomic history than the other valves, the 
relative frequency of abiotic breaks on the undrilled shells was used as a proxy to correct for 
abiotic breakage on the undrilled specimens (see Mondal et al., 2014a for a more detailed 
discussion). This should provide a more reliable intensity which relatively closely reflects the true 
number of biotically produced scars, i.e., Tbreaks (on UD*) in Table 2.1.  Negative values of break 
intensities indicate that the breaks displayed in those samples were dominantly produced by 
taphonomic processes (see Table 2.1), and suggests that this taphonomic adjustment likely results 
in a conservative estimate of biotically induced damage. Finally, intensities of all damage 
(breaks/scars) categories were calculated as the ratio between the total number of breaks/scars 
and the total number of shells (Tbreaks (on UD**)% and (Tscars (D+UD)% in Table 2.1). If 
intensities are <2.5%, the scars and breaks are considered as rare. Similarly, if the intensities 
>5.0%, they are considered as abundant. Any value in between these two is considered common. 
 
Results 
For all four studied intervals, predatory attacks (successful and unsuccessful) were not 
randomly distributed across the shell, but always site-specific and mostly within the ventral and 
posterior sectors along the commissure. The size of the damage inflicted by the predators, 
however, was variable (Table 2.1; Figure 2.2). In all four units, minor and medium scars, mostly 
along the venter and posterior parts of the shell, were most frequent; extensive scars were rare. 
For breaks, the ventral and posterior sectors were most frequently targeted, but the size 
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distribution of these features varied widely through time (Fig. 2.2). In comparison, scars and 
breaks from the anterior sector were uncommon in all the units. 
Scars: In the Pinecrest Beds, minor and medium scars from the posterior regions were 
abundant; frequencies of these scars were 5.0% and 4.6%, respectively (Table 2.1). Medium 
ventral scars were common (2.7%). In contrast, intensities of ventral and posterior extensive scars 
along with minor ventral scars were less common (0.4-1.6%), and no anterior scars were present 
(Table 2.1). In the Caloosahatchee, minor scars found in postero-ventral regions and ventral 
medium scars were the most common (2.9-8.2%), followed by extensive ventral and posterior 
medium scars (2.0% and 2.3%, respectively; Table 2.1). Anterior scars along with posterior 
extensive scars were rare (0.1-0.6%). In the Bermont, most were ventrally located medium scars 
(4.3%), followed by posteriorly positioned minor and medium scars (2.7% and 1.1%, 
respectively), and ventrally positioned minor scars (1.7%; Table 2.1). Posterior and ventral 
extensive scars along with all anterior scars, were always <1.0% in intensity (Table 2.1). In the 
Ft. Thompson, only the ventral minor and medium scars were common (3.6% and 3.3%, 
respectively) (Table 2.1), followed by ventral extensive type (1.1%) and posterior medium scars 
(1.2%). All other scars were <1.0% in intensities, with minor scars absent from the anterior sector 
(Table 2.1). 
Breaks: In the Pinecrest Beds, all extensive damage was common and always was >3.5%; 
all other breaks were relatively rarer (0-2.5%) (Table 2.1). The posterior and anterior medium 
breaks can be fully attributed to taphonomic processes (see below; Table 2.1). In the 
Caloosahatchee, similar to the Pinecrest, extensive breaks along the venter were most common 
(3.1%), followed by less-frequent minor and extensive posterior breaks (1.3% and 0.9%, 
respectively; Table 2.1). All other breaks, including minor and medium ventral ones, were largely 
taphonomic in origin (Table 2.1). Interestingly, in the Bermont, only the ventral minor and 
medium breaks are likely attributed to biotic activity, and were very common (4.2% and 4.5%, 
respectively; Table 2.1). When the taphonomic correction is applied as discussed below, all other 
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breaks were likely abiotic in origin and a function of post mortem processes. In the Ft. Thompson, 
only the breaks in the posterior sector were common (Table 2.1); the most common being the 
posterior extensive break (5.5%). Ventrally located medium and extensive breaks, and the 
anterior minor breaks were rare (0.6-1.3%). All other breaks were likely taphonomic in origin 
(Table 2.1). 
Taphonomic overprinting on breaks: In the oldest Pinecrest Beds and the youngest Ft. 
Thompson, the range of sectors impacted by abiotically induced breaks (non-bold Tbreaks (on 
UD*) % values in Table 2.1) were less numerous than in the other units. Only two and three, 
respectively, out of the nine types of breaks listed in Table 2.1 were likely to be dominantly 
abiotic. In the Pinecrest Beds, anteriorly and posteriorly located medium breaks were abiotic; 
whereas in the Ft. Thompson, the anterior medium and extensive types in conjunction with 
ventrally positioned minor damages were dominantly taphonomic in origin. In contrast, during 
the Caloosahatchee and Bermont as many as six and seven, respectively, types of breaks were 
abiotic (see Table 2.1). All anterior breaks in these two formations were likely entirely 
taphonomic in origin. In addition, both the Caloosahatchee (6.5%) and Bermont (4.5%) have 
significantly higher proportions of total number of drilled shells with more than one break, as 
compared to the other two formations (Pinecrest: 4.2%, Ft. Thompson: 1.3%).  
 
Discussion 
Taphonomic overprinting on the traces of successful predation 
Taphonomy can significantly bias shell-breaking predation intensity in an assemblage 
unless predator-induced damages are distinguished from damages produced by several post 
mortem factors (Checa, 1993; Cadee, 1999; Alexander and Dietl, 2001; Ramsay et al., 2000; 
Zuschin et al., 2003; Mondal et al., in press). In the present study, taphonomy played variable 
roles in overprinting the frequency of breaks associated with the different time intervals 
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investigated. The Pinecrest Beds and the Ft. Thompson suffered less intense taphonomic 
overprinting on the shell breaks than the other two formations, as indicated by very few (two and 
three, respectively) sectors associated with taphonomically produced breaks (Table 2.1). In 
contrast, the Caloosahatchee and the Bermont suffered more extensive breaks, as seen by the high 
number of taphonomically induced breaks (Table 2.1). Furthermore, there were relatively higher 
proportions of drilled shells with more than one break in the Caloosahatchee and the Bermont 
samples, a further indicator of taphonomic impact. This result can be compared with a recent 
study by Mondal et al. (2014a) where frequencies of sponge boring on the drilled shells were 
used as an additional measure to account for taphonomic processes which can play a role in 
producing shell breaks. The study by Mondal et al. (2014a) also suggests that the Caloosahatchee 
samples show relatively stronger taphonomic bias on the samples, as compared to the other 
formations, although statistically barely insignificant (p = 0.065). The overall variation in the 
taphonomic overprinting among these four formations can be attributed to the major post-mortem 
factors such as storm-induced pounding, collisions between wave-borne clasts, and post-burial 
compaction (Zuschin et al., 2003). In the present study, all the four formations indicate time 
averaged shell beds, which might have been produced by geologically instantaneous 
sedimentation by the tropical storms without further reworking and shell fragmentation. The 
overall variation amongst these four, therefore, can be attributed to variation in post-burial 
effects; formation-to-formation taphonomic comparisons are needed to more effectively address 
this question.  
 
Interpretation of successful and unsuccessful predation separately 
Scars: If these features are considered individually as a single indicator of predation after 
compensating for taphonomy, it appears that the majority of attacks were focused on the ventral 
and posterior portions of the valves. Major changes in attack strategy and site selectivity are 
documented at two time intervals: between the Pinecrest Beds and Caloosahatchee and between 
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the Bermont and Ft. Thompson. Whereas minor and medium posterior attacks were the most 
common types of attacks during the Pinecrest, in the Caloosahatchee ventral attacks became more 
common. A change in site selectivity also occurred in the Ft. Thompson. Although posterior 
attacks were common from the Pinecrest Beds to the Bermont, during the Ft. Thompson posterior 
attacks become relatively infrequent (all the scars are <2.5% in intensities). These changes in 
attack strategy and site selectivity can be explained by the extinction, local extirpation, reduction 
in abundance of predators, and/or change of behavior of predators that favored attacking the 
posterior commissure of the shell at these two time intervals.  If interpretations were based solely 
on scars, the rarity of both extensive scars and scars positioned anteriorly in all the intervals 
would incorrectly suggest that the predators almost never preferred the anterior and never 
employed extensive type of attack at the posterior and the venter when they attacked Varicorbula. 
This interpretation, however, is not corroborated by the record of breaks (see below). 
Breaks: When breaks are used as an independent measure of predation, it appears that site 
selectivity of predation changed from the Pinecrest to the Caloosahatchee, remained similar 
during the Bermont relative to that documented for the Caloosahatchee, and then became 
comparable with the Pinecrest in the Ft. Thompson. Although the posterior was more frequently 
targeted during the Pinecrest, during the Caloosahatchee and the Bermont, the venter was most 
frequently targeted (Fig. 2.1, Table 2.1). Once again in the Ft. Thompson, posterior attacks 
became more frequent (Fig. 2.1, Table 2.1). Similar to changes in site selectivity, the types of 
attacks also changed from the Pinecrest to the Caloosahatchee. In the Pinecrest Beds, extensive 
attacks in all sectors were common (3.5-5.1%), along with minor anterior and posterior attacks 
(Table 2.1). Ventral minor and medium breaks were rare (0.3-1.9%). In contrast, in the 
Caloosahatchee, posterior and anterior attacks were no longer common, with ventrally located 
extensive attacks becoming the most dominant position of predation (Fig. 2.1). This change in 
site selectivity and types of attacks in the Caloosahatchee may be explained by extinction, local 
extirpation, or significant reduction in the abundance of a group of durophages which specifically 
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targeted the posterior and the anterior part of the shell for attack, whereas the surviving/prevalent 
predators maintained their established attack strategy, i.e., making extensive breaks at the venter. 
In the Bermont, site selectivity was maintained, but the breaks were only minor and medium 
(Table 2.1). This change in attack intensity can be explained by the reemergence of the predatory 
groups which were present during the Pinecrest Beds and were capable of producing ventrally 
located medium breaks, and does not represent a behavioral shift of predation. However, to 
explain the relative frequency of minor ventral attacks during the Bermont, the emigration of a 
new group of predators capable of making minor chips along the venter is required. In the Ft. 
Thompson, mirroring what was documented for the Pinecrest Beds, extensive breaks at the 
posterior became the most common type of attack; this may suggest restoration of biotic 
interactions similar to the Pinecrest Beds in the ecosystem. The anterior part of the shell was most 
uncommonly attacked throughout, except during the Pinecrest Beds, which suggests that 
generally predators seldom attacked the anterior part of the shell (Table 2.1).  
 
Interpretation of predation pattern using the successful-unsuccessful predation in tandem 
Mondal et al (2014a) concluded that to effectively determine the nature of past 
predator:prey interactions the two components which comprise predation – success and failure – 
should be examined in tandem to better constrain potential paleoecological interpretations. The 
more pressing issue is that the use of scars or breaks in isolation (as illustrated above) can even 
lead to suspect, potentially faulty conclusions. For example, in the Pinecrest Beds, biotically 
induced breaks at the anterior portion of the shell are present, whereas no scars were recorded 
from that region (Table 2.1). If only scars were used as a proxy of predation, this would lead to 
the flawed interpretation that predators never attacked the anterior part of shell. This is also seen 
in the minor and medium ventral attacks in the Caloosahatchee. During this interval, these two 
attack types were common (2.9-8.2%) as scars, but biotically induced breaks were not recorded 
(Table 2.1). Therefore, if breaks were used as a predation proxy, the inference that predators 
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never attacked the ventral part of shell would be flawed. In contrast to the two cases discussed 
above, use of both the successful and failed components together can assist in developing a more 
effectively constrained set of conclusions (see sections 4.3.1 and 4.3.3 below). In addition, the 
coupled use of these two components of predation can also assist in identifying which type(s) of 
attack strategy(ies) was/were most successful. 
 
Formation-level predation patterns: In the Pinecrest Beds, the medium posterior attacks 
were mostly unsuccessful as indicated by the very high proportion (>2.5% in Fig. 2.1) of scars in 
combination with very rare breaks (Table 2.1). The most successful attack strategy is reflected in 
extensive breaks, for which scars were rare (0.0-0.8%) as compared to high break frequencies 
(3.5-5.1% in Fig. 2.1). However, ventral minor and medium and posterior minor break have 
comparable frequencies of breaks and scars, suggesting that the success:failure ratio of these 
attacks approached one (Fig. 2.1, Table 2.1). The biotically induced breaks at the anterior portion 
of the shell are either minor or extensive, whereas no scars are recorded from that region (Table 
2.1) indicating it as one of the successful sites of attack. These predatory-attack-strategy data 
suggest: (1) the venter and posterior sectors were the preferred attack sites with high frequencies 
of both breaks and scars. However, intensities were higher for the posterior, indicating a site 
selectivity for that region; (2) if predators produced extensive damage, those attacks were 
apparently always successful and led to the prey’s death and probable consumption leading to 
very low (mostly <1.0%) frequencies of scars in this region as compared to high break values 
(3.5-5.0%); (3) the success of even minor anterior attacks suggests that these substantially disrupt 
the soft-body parts, including the small anterior adductor and retractor muscles as well as the 
labial palyps (Mikkelsen and Bieler, 2001), to such a degree that the organism could not recover. 
For this reason, no repair scars are seen in that sector (Table 2.1).  
In the Caloosahatchee, attacks resulting in minor and medium damage along the venter 
and the posterior were mostly unsuccessful as indicated by the high proportion (2.3-8.2%) of 
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scars as compared to low or no breaks (Fig. 2.1). Anterior attacks were rarer (0.1-0.6%) than in 
the Pinecrest Beds (2.5-3.5%). The most common, and mostly successful, types of attacks were 
extensive attacks along the venter (see Table 2.1). In contrast to the Pinecrest Beds, extensive 
posterior attacks were no longer common (Fig. 2.1). The limited number of successful predatory 
attack strategies indicate: (1) the venter was the most targeted regions (site preference of attack), 
but to increase the predatory success extensive breaks were required; minor and medium ventral 
attacks were largely unsuccessful as indicated by the prevalence of scars; (2) the posterior and 
anterior parts of the shell were not preferred; and, (3) a preference for anterior attack prevalent 
during the Pinecrest Beds decreased substantially in the Caloosahatchee as signified by rare 
anterior attacks.  
In the Bermont, a few common predatory attack strategies are identified: (1) similar to 
the Caloosahatchee, the shell’s posterior and anterior sectors were not preferred attack sites as 
indicated by the lack of biotically induced breaks in combination with rare scars (Fig. 2.1); minor 
breaks at the posterior were generally unsuccessful (Fig. 2.1) as indicated by the high intensity of 
scars (2.7%) with a total lack of breaks; (2) medium followed by minor ventral attacks were the 
most common attack strategies, as indicated by the high frequency (>2.5%) of both breaks and 
scars; (3) in contrast to the Caloosahatchee, during deposition of the Bermont, extensive ventral 
attack were no longer preferred (Fig. 2.1).  
The Ft. Thompson contains evidence of a number of important predatory attack 
strategies: (1) similar to the Caloosahatchee and Bermont, the anterior was rarely attacked as 
indicated by uncommon breaks (0-0.3%) and scars (0-0.7%) (Fig. 2.1); (2) minor and medium 
posterior attacks were common in contrast to the Bermont. Furthermore, they were mostly 
successful, as indicated by high values of breaks (2.8-2.9%) and rare scars (0.9-1.2%); (3) the 
extensive posterior attacks are much more common and successful, similar to the Pinecrest Beds, 
with very high frequency of breaks (5.5%) and rare scars (0.6%). However, extensive ventral 
attacks were neither more successful nor unsuccessful, and were less common; (4) minor and 
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medium ventral attacks were highly unsuccessful (3.3-3.6% scars and 0-0.6% breaks); (5) similar 
to the Pinecrest Beds, the posterior was the most targeted region, with high intensities of breaks 
and scars.   
 
Potential predators: The use of data related to the size (‘the extent of the damage’) and 
site selectivity of predation can be useful in identifying predatory culprits. There are several 
groups of potential predators that attack bivalves (Mondal et al., 2010b; Harper and Kelley, 2012; 
Mondal and Harries, 2013; Mondal et al., 2014b). Although siphon-nipping fish predation and 
predation that results in the complete fragmentation of the shell are likely important predatory 
elements (Harper and Kelley, 2012; Alexander and Dietl, 2003; Zuschin et al., 2003), they are not 
included here as their predatory activities are either focused on unpreserved soft-body parts or 
leave a record of such significant shell destruction that it cannot be effectively differentiated from 
taphonomic processes. In this study, the traces displayed were likely produced by a group of 
peeling predators capable of chipping away small portion of the prey shell, as has been 
documented in numerous previous studies (e.g., Zipser and Vermeij, 1978; Vermeij et al., 1980; 
Allmon et al., 1990; Paul et al., 2013). This taxonomically diverse group of durophagous 
predators employs variable attack strategies on their molluscan prey; many of them use jaws or 
claws to break open the shell as a means of accessing the flesh within, and attack strategies can 
vary depending upon prey available (Vermeij, 1977; Zipser and Vermeij, 1978; Sanford et al., 
2003). Seed and Hughes (1995) showed the variety of different chela morphologies evolved by 
crustacean taxa as specializations for accessing different prey types, whereas the nonchelate 
crustaceans use their mandibles to chip away the margins of bivalve prey (Lau, 1987; Morton and 
Harper, 2008). In all of these cases, the traces produced are morphologically ‘scalloped’ in nature 
(sensu Alexander and Dietl, 2001; see Fig. 2.1) which are comparable to what has been 
documented in laboratory experiments (Zipser and Vermeij, 1978; Vermeij, 1982), in modern 
beach samples (Mondal et al., 2010a; Paul et al., 2013), and in the fossil record (Vermeij et al., 
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1980; Allmon et al., 1990; West et al., 1991). It is likely that the predation traces documented 
here on Varicorbula were most likely produced by brachyuran crabs of the families Calappidae, 
Portunidae, and Xanthidae, which are known to be efficient shell peelers (Shoup, 1968; Vermeij, 
1982; Seed, 1992). Three relatively recent studies have listed taxonomic occurrences of crabs 
from the four formations studied here (Agnew, 2001; Portell and Agnew, 2004; Collins et al., 
2009), and include multiple species within Calappa (Calappidae). Other crabs capable of 
attacking bivalve prey by peeling include Portunus and Ovalipes (Portunidae) from the 
Caloosahatchee and Bermont, and Pilumnus (Pilumnidae) from the Bermont. However, detailed 
studies on crab diversity, abundance, and chela morphologies from the same study localities are 
required to further investigate temporal variation in predator diversity and predation pressure 
from these strata.  
 
Peeling predation during the Plio-Pleistocene of Florida: For the studied interval, it 
appears that predator success varied in conjunction with attack strategies. Attacks along the 
venter and the posterior were the most common throughout the entire study interval (Fig. 2.1; 
Table 2.1). In addition, two important behavioral characters are evident. First, the anterior part of 
the shell was only preferred during the Pinecrest Beds when it was attacked at a highly successful 
rate; after the Pinecrest Beds-Caloosahatchee transition, the anterior part of the shell was no 
longer attacked. Second, selectivity for the posterior part of the shell, although with variable 
intensities (Table 2.1), is evident throughout. Because the anterior attack was highly successful in 
the Pinecrest, it would be expected to display an overall increase in the younger formations 
instead of its rarity. The complete disappearance of anterior breaks combined with a rarity of 
scars indicates a loss of anterior-focused predators across that Pinecrest Beds-Caloosahatchee 
boundary. The other changes that accompanied this transition were that posterior extensive 
attacks along with other posterior attacks also became less common, and medium ventral attacks 
became highly unsuccessful (Table 2.1). Whereas the posterior was the most targeted region 
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during the Pinecrest Beds, the venter became the most frequent area of attack during the 
Caloosahatchee, indicating a clear change in site selectivity. The complete disappearance of 
anterior breaks combined with a rarity of scars, reduction in posterior extensive attacks, and a 
reduction in success of the ventral medium attacks can be explained by a change in the taxonomic 
composition of the predatory crabs from the Pinecrest Beds to the Caloosahatchee. These changes 
may reflect a range of ecological changes, including changes related to: 1) the Plio-Pleistocene 
extinction interval in Florida (Stanley, 1986; Vermeij and Petuch, 1986; Petuch, 1995); 2) 
diversification of various clades; and/or, 3) changes in environmental conditions that controlled 
the abundance and distribution of these predators. A paleoecological analysis of the Pinecrest 
Beds indicates that the environments preserved in Florida’s record are mostly marginal marine 
with limited evidence for deeper-water, mid-shelf sedimentation (Allmon, 1993), whereas in the 
Caloosahatchee evidence of brackish and estuarine environments are also present (Lloyd, 1969). 
Paleoenvironmental interpretations based on benthic foraminifers suggest that at least from the 
upper part of the Pinecrest Beds to the Ft. Thompson, the environmental conditions were 
relatively similar throughout (Meyer et al., 2009); given the time-condensed nature and complex 
taphonomic history of the units investigated, it is difficult to develop definitive paleoecological 
interpretations. However, the overall change in environmental condition was mirrored in changes 
in the peeling crab composition between these two time intervals – during the Pinecrest Beds, the 
peeling crabs were represented by one to two genera within the Calappidae (Agnew, 2001; Portell 
and Agnew, 2004; Collins et al., 2009), whereas in the Caloosahatchee more than five genera in 
the Calappidae, Xanthidae, and Portunidae were present (Agnew, 2001; Portell and Agnew, 2004; 
Collins et al., 2009). Therefore, it appears that, from the Pinecrest Beds to the Caloosahatchee, 
both the peeling crab diversity and the taxonomic compositions changed reflecting the changes in 
environmental conditions.  
The Bermont displays another series of changes in predatory attack strategies. These 
changes include: posterior attacks became uncommon but were always unsuccessful; extensive 
50 
attacks became rare in all sectors (Fig. 2.1), and attacks along the venter resulting in small and 
medium breaks became not only more common, but also more successful. The reduction in 
extensive ventral breaks may suggest another episode of change at least in the local predator:prey 
system, after which ventral attacks become more common. The Caloosahatchee and Bermont 
have identical taxonomic compositions of peeling crabs (see above). Therefore, variation in attack 
strategies cannot be explained by extinction or emigration of the crabs, and can be most 
effectively explained by ecological changes that controlled relative predatory abundance.  
Pinecrest Beds-like site preference for successful posterior attacks returned in the Ft. 
Thompson (Table 2.1). These behavioral similarities in predatory attack strategies can be 
explained by either the return of identical predators capable of these attacks whose abundance or 
possibly richness might have decreased associated with the taxonomic overturn associated with 
the Plio-Pleistocene extinction or by the similarities in taxonomic composition and ecological 
structure of crabs related to the environmental conditions between these two formations. The 
peeling crab diversity of the Pinecrest Beds and the Ft. Thompson were very similar (see above), 
therefore, it is more likely that the Pinecrest Beds predators became reestablished rather than 
evolution of the predators with predatory behaviors that matched those found during Pinecrest 
Beds deposition. 
 
Conclusions 
This study documents traces of shell-breaking predation on Varicorbula from the Plio-
Pleistocene of Florida, where both the repair scars (indicator of failed attacks) and breaks 
(indicator of successful attacks) were treated in conjunction with one another. The results show 
that the prevalence of the predator attack strategies on Varicorbula varied throughout the study 
interval (Table 2.1). The predators, likely members of the Calappidae, Portunidae, and Xanthidae, 
which were capable of peeling along the shell margin, selectively attacked the ventral and 
posterior parts of the shell. Predator success varied depending upon the type and the site of attack. 
51 
This study bolsters the approach, as posited by Mondal et al. (2014a), of using both the successful 
and unsuccessful components of predation in tandem mainly because these two components of 
predation can often lead to faulty interpretation if used in isolation, and the coupled use can better 
constrain potential paleoecological interpretations.   
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Figures 
 
Figure 2.1. Typical breaks and scars on Varicorbula. A–G: arrows indicate multiple repair scars (white 
dotted lines) on one individual (i.e., C) and the dashed lines connect similar points in the photographs and 
traced diagrams. A-B: ventral medium attack; D–E: ventral extensive attack; F-G: anterior minor attack. 
H-J:  breaks denoted by arrows (the dotted lines depict the unbroken parts). H: posterior and ventral 
medium breaks on one individual; I: ventral minor and extensive break along with posterior extensive 
breaks on one individual; J: posterior minor and ventral medium breaks on one individual. K-M: arrows 
indicating ventral extensive repair scar. Note the minor ventral scar on K. N-P: posterior extensive scar. 
Q: a drilled individual with borehole indicated by the arrow.  
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Figure 2.2. Variation in proportions of different types of breaks (open circle) and scars (solid circle) 
during the studied intervals are shown. – indicate complete absence of breaks or scars. M=minor, 
M=medium, E=extensive. Pc = Tamiami Formation (Pinecrest Beds), Ca = Caloosahatchee Formation, 
Be = Bermont Formation, and FtT =Ft. Thompson Formation. 
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Tables 
Table 2.1. Variation in durophagous attack strategies present from the Pinecrest through to the Ft. Thompson in Varicorbula. n = total 
number of right valves counted [Drilled+Undrilled], n*= Number of Drilled Shells with multiple breaks, D = drilled, UD = Undrilled. * = 
corrected, ** = uncorrected. Tbreaks (on UD*) = % of break on UD** - % of break on D. Tscars (D+UD)% = # scars/ n. [N] = after 
normalizing for length (venter is twice larger than anterior and posterior). 
 
Late Pleistocene Ft. Thompson Fm. 
n=322[76+246]; n*=1 Anterior Ventral Posterior 
number (%) of Minor Medium Extensive Minor Medium Extensive Minor Medium Extensive 
Breaks on D 1 1 2 13 17 7 9 4 2 
Breaks on UD** 5 2 4 59 58 29 36 20 20 
Tbreaks (on UD*) % 0.72 -0.50 -1.01 -1.25 1.21 2.58 2.79 2.87 5.50 
Tbreaks (on UD*) % [N] 0.72 -0.50 -1.01 -0.63 0.61 1.29 2.79 2.87 5.50 
Scars on (D+UD) 0 1 1 23 21 7 3 4 2 
Tscars (D+UD)% 0 0.31 0.31 7.14 6.52 2.17 0.93 1.24 0.62 
Tscars (D+UD)% [N] 0 0.31 0.31 3.57 3.26 1.09 0.93 1.24 0.62 
Middle Pleistocene Bermont Fm. 
n=576[201+325]; n*=9 Anterior Ventral Posterior 
number (%) of Minor Medium Extensive Minor Medium Extensive Minor Medium Extensive 
Breaks on D 8 3 2 46 48 30 12 7 5 
Breaks on UD** 8 2 3 111 117 45 17 9 6 
Tbreaks (on UD*) % -1.36 -0.76 -0.09 8.37 9.02 -1.36 -0.79 -0.69 -0.60 
Tbreaks (on UD*) % [N] -1.36 -0.76 -0.09 4.19 4.51 -0.68 -0.79 -0.69 -0.60 
Scars on (D+UD) 3 1 5 22 55 7 17 7 4 
Tscars (D+UD)% 0.47 0.16 0.78 3.43 8.58 1.09 2.65 1.09 0.62 
Tscars (D+UD)% [N] 0.47 0.16 0.78 1.72 4.29 0.55 2.65 1.09 0.62 
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Table 2.1 (Continued) 
 
Early Pleistocene Caloosahatchee Fm. 
n=698 [169+529]; n*=11 Anterior Ventral Posterior 
number (%) of Minor Medium Extensive Minor Medium Extensive Minor Medium Extensive 
Breaks on D 3 3 7 39 86 11 2 3 2 
Breaks on UD** 7 4 17 98 247 67 13 5 11 
Tbreaks (on UD*) % -0.46 -1.03 -0.96 -4.72 -4.59 6.09 1.26 -0.84 0.88 
Tbreaks (on UD*) % [N] -0.46 -1.03 -0.96 -2.36 -2.30 3.05 1.26 -0.84 0.88 
Scars on (D+UD) 4 1 1 41 115 28 20 16 3 
Tscars (D+UD)% 0.57 0.14 0.14 5.87 16.48 4.01 2.87 2.29 0.43 
Tscars (D+UD)% [N] 0.57 0.14 0.14 2.94 8.24 2.01 2.87 2.29 0.43 
Pinecrest Beds (upper Tamiami Formation) 
n=246 [71+175]; n*=3 Anterior Ventral Posterior 
number (%) of Minor Medium Extensive Minor Medium Extensive Minor Medium Extensive 
Breaks on D 2 2 0 13 22 10 5 6 1 
Breaks on UD** 9 4 6 32 59 36 16 6 11 
Tbreaks (on UD*) % 2.48 -0.46 3.53 0.51 3.72 7.09 2.37 -4.92 5.06 
Tbreaks (on UD*) % [N] 2.48 -0.46 3.53 0.26 1.86 3.55 2.37 -4.92 5.06 
Scars on (D+UD) 0 0 0 8 13 4 12 11 1 
Tscars (D+UD)% 0 0 0 3.32 5.39 1.66 4.98 4.56 0.41 
Tscars (D+UD)% [N] 0 0 0 1.66 2.70 0.83 4.98 4.56 0.41 
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CHAPTER III: THE EFFECT OF TAXONOMIC CORRECTIONS ON PHANEROZOIC 
GENERIC RICHNESS TRENDS IN MARINE BIVALVES WITH A DISCUSSION  
ON THE CLADE’S OVERALL HISTORY  
 
 
Abstract 
The two major databases available to study temporal trends in Phanerozoic bivalve 
richness are the Sepkoski Compendium and the Paleobiology Database. There are some 
difficulties in directly comparing them due to differences in their taxonomic determinations and 
stratigraphic range information. Moreover, both of these datasets are fraught with a relatively 
high percentage of taxonomic errors, which can significantly bias the overall richness estimate. 
The present study has attempted to make a comprehensive, revised, and updated global bivalve 
dataset by combining information from these two sources, and, in doing so, includes elements 
found in both to produce a compilation with greater taxonomic and stratigraphic coverage. 
Additionally, a substantial number of taxonomic corrections were made before a new 
Phanerozoic bivalve richness curve was produced. The new generic taxonomic curve is 
comparable with the trajectory of the Sepkoski’s modern fauna and shows rapid and substantial 
diversification through the Ordovician, followed by a Paleozoic plateau, a Mesozoic high, and 
Cenozoic diversification after a small fall in richness associated with the K-Pg extinction. The 
steep Cenozoic rise documented in the raw richness curve derived from the new dataset is likely 
real, and reflects that the bivalve fossil record of bivalve is robust and highly complete. 
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Introduction 
Studies devoted to developing richness estimates of marine and continental organisms are 
crucial for the identification of different macroevolutionary and macroecological patterns and 
processes operating throughout the Phanerozoic (Sepkoski, 1984, 1993; Benton, 2001; Bambach 
et al., 2007; Alroy et al., 2001, 2008; Bush and Bambach, 2011). The most common approach to 
examining these patterns and processes is to plot taxonomic richness curves based on the number 
of taxa present within various stratigraphic intervals (bins). However, methodologically, there are 
two distinct ways of calculating these numbers; 1) the traditional approach which is based on 
counts of the number of taxa present in each bin by compiling the timing of their first and the last 
appearances as published in the literatures (Sepkoski, 1984, 1993; Benton, 1993); and 2) the 
newly developed occurrence-based sampling which standardizes the count of the number of taxa 
present in each bin with the aim of reducing the potential spatio-temporal biases that develop due 
to the nature of sampling (Alroy et al., 2001, 2008). A number of studies have shown that the 
large-scale diversity trends derived using the old traditional approach are reliable (e.g., Sepkoski, 
1993, 1997), largely reflecting the relatively effective sampling efforts that paleontologists have 
employed to collect a large amount of adequate data (Foote and Sepkoski 1999; Crampton et al. 
2006; Benton 1998; Paul 1998; Benton et al. 2000). However, others have argued that this 
traditional approach can be significantly biased largely due to variation in the quality, quantity, 
and taxonomy of the fossils that comprise the various time bins (Alroy et al., 2008) and further 
that these biases can only be compensated for by employing a range of resampling techniques 
(Alroy et al., 2001, 2008; Bush et al., 2004). Ultimately, both of these approaches rely on the 
published literature as their potential data sources; sources that are potentially fraught with a 
spectrum of taxonomy- and stratigraphy-related errors. 
Empirical studies (Smith and Patterson 1988; Sepkoski, 1993; Wagner, 1995; Adrain and 
Westrop 2000; Ausich and Peters 2005; Wagner et al, 2007) as well as simulations (Sepkoski and 
Kendrick 1993) have shown how taxonomic errors can significantly bias the overall diversity 
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estimate by inflating or deflating the taxonomic count (Wagner et al, 2007). For example, the 
published list of taxa may be outdated and potentially invalid because of taxonomic revisions and 
reassignments of species to different or new genera (Alroy, 2002). Additionally, various workers 
from different parts of the world have likely used various taxonomic approaches and been 
influenced by different experiences and expertise (Sepkoski, 1998). Therefore, it is important that 
when initiating such a study that taxonomic standardization of the raw dataset (quality correction) 
be a component of the compilation. Given that these data will be subjected to different types of 
sampling standardization processes, these taxonomic corrections should be performed to 
minimize the impact of uneven sampling from different time intervals (quantity correction).  
This study is primarily focused on investigating how quality corrections can influence the 
reconstructed richness patterns, and it will document how taxonomic richness can vary based on 
the quality of data as elucidated by performing different types of taxonomy-related corrections on 
the genera from the molluscan class Bivalvia. Among the various marine invertebrate groups, the 
Bivalvia is one of the most diverse and abundant classes with a rich fossil record that spans the 
entire Phanerozoic (Hallam and Miller, 1988; Miller, 1990a, b). Furthermore, they are found in 
almost all stratigraphic intervals indicating comparatively high completeness in temporal 
sampling (Harper, 1998; Jablonski et al., 2003; Kidwell, 2005) and have been collected over a 
broad biogeographic range (www.paleobiodb.org). Because of this rich record, bivalves have 
been used for the investigation of macroevolutionary and macroecological patterns and processes 
in numerous studies (e.g., Stanley, 1968; Hallam and Miller, 1988; Miller, 1990a, b; Fraiser and 
Bottjer, 2007; Roy et al., 2009; Harnik and Lockwood, 2011), and have been chosen for the 
present study to document how genus-level taxonomic corrections can alter the overall diversity 
dynamics of a clade.  
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Need for a Updated Global Bivalve Dataset  
The two largest and most comprehensive datasets available with which to reconstruct the 
rich fossil record of bivalves are the Sepkoski compendium (SC; Sepkoski, 2002) and the 
Paleobiology Database (PBDB; www.paleobiodb.org; downloaded on May 3
rd
, 2013). Virtually 
all previous studies on long-term trends and patterns in taxonomic diversity of bivalves have been 
based on one of these two sources (e.g., Hallam and Miller, 1988; Jablonski et al., 2003; Harnik 
and Lockwood, 2011; versus Alroy et al., 2001, 2008; Wagner et al., 2007). However, 
qualitatively, these two datasets differ due to the taxonomic inconsistence between them. For 
example, in many cases, what appear to be identical genera have been placed into different 
families in these two different datasets; therefore, family-level richness based on these two data 
sources can vary. More problematically, the genus-level stratigraphic first and last occurrences 
and, therefore, the summation of their ranges are statistically different (t-test; p << 0.01; Fig. 3.1). 
The PBDB has more short-ranged (0-10 Ma) taxa than are contained within the SC (Fig. 3.1). In 
addition, the PBDB has a prolonged tail of a few very long-ranging taxa (>200 Ma), which are 
rare in the SC (Fig. 3.1). Moreover, each dataset has a relatively high percentage of genera that 
are absent in the other (see Results). Therefore, reconstructions using either of these two datasets 
in isolation means employing only a subset of the entire data that is available. To develop a 
comprehensive database from which to examine bivalve richness throughout the Phanerozoic, 
input from both of these datasets was used to develop a more comprehensive dataset.  
After the compilation of these two datasets, a thorough check of the data quality is 
required. It has been shown by many studies that the SC has variable types of taxonomic errors 
which can be as high as ~75% for some taxonomic groups (Patterson and Smith, 1987; Sepkoski, 
1993; Adrain and Westrop 2000; Jablonski et al., 2003; Wagner et al., 2007). The main sources of 
these errors are that many of the taxonomic names included have been revised and are now 
considered to be invalid (Sepkoski, 1993; Alroy, 2002). In addition, some of the included taxa are 
non-marine and/or even not a member of the class Bivalvia (Sepkoski, 1993). Similarly, the 
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PBDB also has taxonomic errors related to taxonomic inconsistency and synonyms (Wagner et 
al., 2007) as well as a range of additional errors (see below). Because of this, taxonomic re-
evaluation is a necessary component of compiling the taxa to be included in the new dataset, and 
that process has been undertaken here. 
 
Taxonomic Correction and Reassignments 
The following protocol was followed when taxonomic corrections were performed on all 
the genera and subgenera listed in the SC and PBDB as they were combined together to construct 
an initial raw list. First, all of the subgenera were raised to genus status to reduce the taxonomic 
bias related to faulty rank assignments as well as to ensure that the results are comparable with 
previous studies on bivalves (Hallam and Miller, 1988; Harper, 1998; Jablonski et al., 2003; 
Harnik and Lockwood, 2011). Second, the taxonomic validity of all the initial taxa was 
determined applying the following methodology: if a genus was common to both the PBDB and 
the SC, it was included after correcting for synonymy as well as for alternative spellings, and 
misspellings. Based on this assessment, a number of taxa were excluded related to other issues, 
such as excluding non-marine and non-bivalve taxa. These corrections were performed by using a 
variety of sources, including the bivalve volumes of the Treatise of Invertebrate Paleontology 
(Cox et al., 1969; Carter et al., 2012), Vokes (1980), the taxonomic information and references 
included in the PBDB, as well as Google Scholar (a comprehensive and reliable database used to 
find relevant literature; DeGraff et al., 2013). Where corrections were made, the sources were 
noted. For the genera unique to either of the two datasets, a two-step screening process was 
performed. The first step entailed verification related to a given genus’ taxonomic validity. If the 
original references of these unique genera were cited in the relevant database, an element which is 
not always true for the SC, the taxa were included in this new compilation provided that the 
reference contained the denoted genus/genera. If no reference was provided, a Google Scholar 
search was performed to determine whether or not a given genus is commonly reported (i.e., cited 
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in at least two articles). If it was only found in a single article or did not appear in a Google 
Scholar search, the genus was excluded. In the second step, the taxonomic affinities were 
scrutinized to correct for synonymy, alternative spellings, and incorrect spellings by using various 
sources as outlined above.  
After the comprehensive generic dataset was updated, the higher-level taxonomic 
affinities of the various genera (e.g., their relevant families and orders) were determined based on 
the bivalve treatise (Cox et al., 1969; Carter et al., 2012), Vokes (1980), and the PBDB. If 
different taxonomic opinions for a single genus were found, the original publications on the taxon 
were researched to determine its taxonomic history prior to reaching a decision as to whether the 
genus should be included or not.  
 
Calculation of Taxonomic Diversity 
The present study uses genera and subgenera rather than species as there are several 
problems associated with species-level data (Sepkoski, 1998; Sepkoski and Kendrick, 1993). For 
example, the criteria for identification of species vary among generations of workers, 
cultural/historical vagaries, as well as the group(s) studied (Sepkoski, 1998). Moreover, sampling 
of species is uneven in geologic time and space as well as between taxonomic groups (Sepkoski, 
1998). In contrast, using genera as the unit of study has a number of important advantages: genera 
can be used as a surrogate for the constituent species as genus-level alpha and beta diversity 
measures are highly correlated with that of species-level data (Sepkoski et al. 1981; Gaston & 
Williams 1993; Flessa and Jablonski 1995). Furthermore, it has been suggested that in cases 
where sampling is poor, genera can effectively reflect more detailed overall diversity patterns and 
lineage histories than their constituent species by better representing the phylogenetic history of 
the clade (Sepkoski and Kendrick, 1993). Use of genera and subgenera as the unit of study further 
enables a comparison of the results obtained here with numerous previous studies which have 
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been focused on that taxonomic level (e.g., Hallam and Miller, 1988; Harper, 1998; Jablonski et 
al., 2003; Harnik and Lockwood, 2011).  
Another important aspect of diversity studies is whether sample-standardized techniques 
should be used instead of relying on published taxonomic ranges (Sepkoski, 1993, 1997; Alroy et 
al., 2008). The present study will use the conventional approach of using taxa ranges in the 
analyses (Sepkoski, 1984) reflecting the duality of data compiled from the two sources. Whereas 
the PBDB provides the ranges of the taxa in combination with data delineating the stratigraphic 
bins from which the taxa have actually been sampled as well as their abundances for a subset of 
the data entries, the SC provides only the first and the last appearance ages of taxa (i.e., the 
ranges). Given that a portion of taxa only has range data (i.e., for those taxa unique to the SC), by 
necessity this study will use that approach and assume that all the bins between the first and last 
appearance datums (FAD and LAD, respectively) of a given taxon contained a member of that 
specific taxon. Furthermore, given the limitations on range data imposed by the SC, it is 
impossible to use sampling standardization for this compilation as this relies on abundance data 
(Sepkoski, 1996). 
Because the study also contains data on the stratigraphic ranges of taxa, a revision of 
these ranges is required before the new database can be used. The determination of ranges 
involves the removal of errors associated with different age spans published for the SC and the 
PBDB (Fig. 3.1). In cases where the ranges of a given genus deviated between the two sources, 
the oldest age available for the FAD and the youngest age available for the LAD were considered 
as the updated ages. After the ranges of genera within the newly compiled dataset were corrected, 
the taxonomic richness (genera, families, and orders) was counted for each geological stage. This 
was done following the ages and names of the geological stages as presented in the Geological 
Society of America Geological Time scale (v. 4.0) as compiled from Gradstein et al. (2012) and 
Cohen et al. (2012). 
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Finally, to produce the taxonomic richness curves, Foote’s (2000) stage-level 
instantaneous standing diversity metric was used to count the number of taxa (genera, families, 
and orders) present for each geological stage. Two additional metrics - estimated mean standing 
diversity (Foote, 2000) and mean standing diversity (Van Valen, 1984) - give almost identical 
diversity trajectories when constructed using this new dataset. Given this similarity, we have only 
used the instantaneous standing diversity metric here to test whether there are any differences in 
the pattern of the bivalve-genera-richness curves during the Phanerozoic when the three datasets 
are compared. In addition, the new dataset has been used to depict the proportional richness curve 
(sensu Bambach et al., 2004) to identify potential episodes of bivalve extinctions and 
originations. Here, proportional richness has been calculated as the ratio between the difference in 
the standing richness between two consecutive time bins and the richness in the older bin, 
therefore indicating proportional changes in richness across each time boundaries with negative 
changes indicating extinctions and positive changes indicating originations (Bambach et al., 
2004). 
The presence of singletons (i.e., taxa restricted to only a single time bin) in a dataset can 
have significant effects on richness and diversity estimates (Foote, 2000; Fitzgerald and Carlson, 
2006). However, it should be noted that at least some, if not most, of these singleton taxa might 
actually be taxonomically valid with accurate stratigraphic ranges and do not result from 
incomplete sampling (Raup, 1972, 1977; Sepkoski, 1996) or other types of biases (for details, see 
Fitzgerald and Carlson, 2006). Therefore, to investigate this issue, the Phanerozoic generic 
diversity curves were generated with and without singletons (Sepkoski, 1997; Fitzgerald and 
Carlson, 2006; Wagner et al., 2007). 
In addition to the genus diversity curve, higher taxa (orders and families) were used in the 
various analyses undertaken to delve into the overall history of the clade (see below). For the 
order- and family-level curves, only the new dataset has been used. The FADs and LADs of 
families, orders, and genera were also plotted for each bin to better document the major 
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diversification and extinction episodes of the clade during the Phanerozoic and to compare these 
results to those obtained from previous studies (Stanley, 1968; Bretsky, 1973; Miller and 
Sepkoski, 1988; Miller, 1990 a, b; Harper et al., 1997; Nevesskaya, 2008, Harnik and Lockwood, 
2011).  
Finally, a number of other corrections were performed to minimize the impact of uneven 
sampling during different time intervals (Alroy et al., 2008). One of the most significant biases, 
with the potential to distort the pattern of Cenozoic bivalve diversity, is the so-called ‘Pull of the 
Recent’ (Cutbill and Funnel, 1967; Raup, 1972, 1979; Alroy et al., 2008; but see Jablonski et al., 
2003). Due to better sampling of the Holocene as well as the increased amount of sedimentary 
exposure relative to older geologic ages (Raup, 1972; Alroy et al., 2008) and the increased 
prevalence of unlithified units (Hendy, 2011), not only will extant genera have longer ranges than 
extinct taxa, but there is the potential for more complete sampling, which will potentially increase 
taxonomic richness in the Cenozoic (Raup, 1972, 1979; Alroy et al., 2008; but see Jablonski et 
al., 2003). In addition, the two datasets combined here do not have data from the Holocene. For 
these reasons and to minimize the effect of this bias in additional to minimizing biases related to 
temporal differences in the nature of lithification (Alroy et al., 2008; Hendy, 2009), the 
taxonomic richness has been plotted from the Fortunian (oldest age in the Cambrian) through the 
Piacenzian (youngest age in the Neogene). In addition, the inclusion of the Quaternary can have 
additional problems associated with taxonomy-related issues. For example, extant higher taxa are 
more taxonomically finely subdivided than their counterparts because of the availability to 
identify a potentially broader spectrum of character states. Therefore, it is more likely to find the 
fossil representative of these higher taxa, than the extinct groups with much less subdivision, in 
the fossil record (see Raup, 1979). However, the impact of the ‘Pull of the Recent’, at least on 
bivalves, is debatable (Jablonski et al., 2003), as the fossil record of bivalves has been 
documented as showing a high level of completeness (Harper, 1998; Kidwell, 2005).  
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Results and Discussion 
The newly compiled dataset: Taxonomic corrections, which may increase or decrease the 
number of genera within a dataset (Wagner et al., 2007), were made during the compilation that 
forms the foundation of the present study. The SC and PBDB represent compilations of 2823 and 
2627 bivalve genera and subgenera, respectively, for a total of 5450 listed genera. Among these 
5450 genera, only 1950 were contained within both two datasets, and the remainder was unique 
to one of them. Reducing the number of total genera by the amount in common between the two 
datasets resulted in a count of 3502 genera. Among these, 874 and 678 genera were unique to the 
SC and PBDB, respectively. This total (i.e., 3502) is higher than either the SC or the PBDB 
separately, and can be considered as a case of “gaining” taxa because of the pooling of data from 
two major compilations (Wagner et al., 2007). Therefore, previous studies which have used either 
of these two dataset for their analyses (e.g., Hallam and Miller, 1988; Jablonski et al., 1993; 
Harnik and Lockwood, 2011; but see Alroy et al., 2001, 2008; Wagner et al., 2007) have only 
used a subset of the entire data available for bivalves. More importantly, it is impossible to simply 
combine the diversity curves derived from these two different groups of studies using two 
different datasets with only 40% genera in common. Therefore, it should be emphasized that 
when either the SC or the PBDB are employed, they do not represent a complete compilation of 
the available data; for implications of this lack of completeness, see Patterson and Smith (1987), 
Sepkoski (1993), Adrain and Westrop (2000), and Ausich and Peters (2005).  
Effect of taxonomic and other corrections: In the next phase of developing this 
compendium, 205 PBDB-unique genera were excluded from the list, because although these taxa 
were present in the PBDB, they were not associated with any accompanying stratigraphic 
information even after a thorough search through various sources for it. Similarly, 198 genera in 
the SC-unique list were also excluded. These SC genera failed to qualify based on reference 
criteria established as their source was not explicitly stated (in many cases the reference says ZR 
[which refers to the Zoological Record], without referring to the actual article) in the SC.  
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The final stage involved taxonomic correction for synonymy, removal of alternate 
spellings, misspellings, taxonomically invalid subtaxa, and the exclusion of non-marine taxa as 
well as those that are not actually in the Class Bivalvia from the composited list. These processes 
excluded an additional 205 genera: 71 invalid subtaxa, 83 synonyms, and 47 typographic 
errors/alternative spelling, and four non-bivalve taxa. This resulted in a final tally of 2894 genera 
that were subsequently used in this study’s analyses. Therefore, the taxonomy-related correction 
removed ~18% of the genera from the raw combined list. This number is well within the range of 
percent error reported in previous studies that have done similar taxonomic corrections on the 
PBDB and the SC for various groups. For example, studies on echinoderm and fish richness 
covering the interval from the mid-Permian to the Recent, and trilobite richness in the Ordovician 
and Silurian have revealed that the SC can have a level of taxonomic error as high as ~70% 
(Patterson and Smith, 1987; Adrain and Westrop 2000). Jablonski et al. (2003) also found 
taxonomic errors in the SC dataset when they studied Plio-Pleistocene bivalves, although the 
error was significantly low. In comparison, in the case of North American fossil mammal species, 
the PBDB contained ~25–30% taxonomic error (Alroy, 2002). A species-level study on Jurassic 
and Cenozoic bivalves using the PBDB shows that the error can vary from ~20% to ~40% 
(Wagner et al., 2007).  Because taxonomic errors must be expected, especially within an old 
dataset, primarily due to continuous taxonomic revisions and newly discovered fossil material, it 
is a good practice to start with a taxonomic revision, unless one can assume that the error is 
evenly distributed throughout the time bins (Adrain and Westrop 2000; but compare Ausich and 
Peters, 2005).  
Effect of stratigraphic range corrections and singletons: If the mean stratigraphic ranges 
of all taxa are compared between the SC and the PBDB, they are statistically different from each 
other (t-test; p << 0.01). This is also true of the newly compiled dataset relative to the SC (p << 
0.01). However, although the differences in the taxa ranges of the PBDB and the new dataset are 
statistically significantly, the p value is comparably large (p = 0.03). Whereas the mean ranges of 
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all the SC and PBDB genera are ~31.8 Ma and ~36.9 Ma, respectively, in the newly compiled 
dataset this is increased to ~50.3 Ma (Fig. 3.1) portraying the range extension of genera (Wagner 
et al., 2007) that results from the approach used in taking the oldest FADs and youngest LADs 
(see above). This pattern of range extension after taxonomic corrections associated with updating 
both an old dataset with additional data and taxonomic opinions has been documented in general 
(Sepkoski, 1993; Adrain and Westrop, 2000) as well as specifically for bivalves (Wagner et al., 
2007). 
The presence of singletons (i.e., taxa present only in a single time bin) can significantly 
impact diversity estimates (Foote, 2000; Fitzgerald and Carlson, 2006). However, for the present 
study, only about 3% are singleton genera are present in the updated dataset. This low percentage 
of singletons is comparable with the published literature (about 5%; Harper, 1998). This 
percentage of singletons is quite low for a sampling interval of approximately 540 Ma with 95 
geological subdivisions resulting in an average of only ~0.9 singleton genera per temporal bin 
and is also clearly reflected when richness with and without singletons is plotted (Fig. 3.3A). 
However, although in general the differences between the two curves are very slight, they show 
slightly more pronounced differences during three intervals: the Middle Triassic, the mid- 
Cretaceous, and just prior to the K-Pg extinction (Fig. 3.3A). At this point, there is no specific 
explanation for why these three intervals are relatively rich in singletons. 
 
The Phanerozoic History of the Class Bivalvia 
Given that this new compilation of bivalve data has been subjected to a range of quality 
corrections, a critical question that must be addressed first is the validity of the reconstructed 
richness pattern and trends. There are several types of inherent geologic and collection-based 
biases which can potentially impact the reconstructed Phanerozoic richness of a clade (Smith et 
al., 2001; Smith, 2001; Alroy et al., 2001, 2008; Dunhill et al., 2012). One correction that has 
been promoted is the application of sample-standardized richness instead of more direct raw 
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richness counts. In many cases, it has been argued that paleontologists have done an excellent job 
in collecting a large amount of adequate data to effectively document Phanerozoic changes in 
biodiversity (Foote and Sepkoski 1999; Crampton et al. 2006; Benton 1998; Paul 1998; Benton et 
al. 2000), whereas others have argued that biases overprint the data to such an extent that simply 
considering the raw data is at best problematic (Raup, 1972, 1979; Alroy et al., 2008). A recent 
impetus to more fully address this debate comes from the proposed ‘common-cause hypothesis’ 
(Peters and Foote, 2001, 2002; Peters, 2005, 2006), which argues in favor of common global 
forcing which actually controls both the rock record and biodiversity. According to this view, the 
fossil record is biased because of spatio-temporal variation in various geological processes, such 
as sea level, tectonics, as well as lithologic differences, and, therefore, should be treated carefully.  
However, for marine bivalves, it is thought that the biases that can impact richness 
estimates of various group is minimal. Qualitatively, the fossil record of bivalves includes both 
calcitic and aragonotic taxa, even under calcite sea conditions (Ros and de-Renzi, 2005; Fig. 5.3 
in Chapter V). Furthermore, their record consists not only of actual skeletal material, but it is 
further augmented by numerous taxonomically identifiable external and internal molds. This 
suggests that the commonly cited aragonite bias cited for other groups may not strongly overprint 
the fossil record of this clade (Alroy et al., 2008) resulting in the generally effective preservation 
of many bivalve genera (Foote and Sepkoski, 1999; but see Harnik and Lockwood, 2011). A 
further element of this is that we have the taxa with aragonitic shells and organic microstructure 
even from the Paleozoic (Kidwell, 2005). Quantitatively, the fossil record of bivalves is highly 
complete, as supported by these lines of evidences: 1) most of the family- and genus-level data 
are complete with low proportion of gaps, i.e., they have been found in almost all stratigraphic 
bins in between their FADs and LADs (Harper, 1998); 2) as suggested by Paul (1982), if the 
group was characterized by relatively high levels of stratigraphic incompleteness, we should 
expect more short-lived taxa in our dataset. In this bivalve compilation, singletons are rare (i.e., 
~5%; see also Harper, 1998), indicating a robust record; 3) if the mineralogical composition of 
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fossil taxa inhibit preservation (i.e., aragonitic versus calcitic), we should also expect more 
singleton taxa with aragonitic shell material with low-preservation potential. However, for 
bivalves, singletons are not exclusively aragonitic (Kidwell, 2005); 4) if the fossil record of a 
group is fragmented, it should result in fossils being so distinct from each other that they will be 
placed in two separate higher groups, increasing monotypy (Paul, 1982). For bivalves, less than 
15% families are monogeneric (Harper, 1998); 5) most of the families and genera are extant 
(Harper, 1998; Valentine et al., 2006). In addition, 95% of the living families and 76% of the 
living genera are known from the fossil record, again indicating high completeness for bivalves; 
these values are higher as compared to other marine molluscan groups with ~60% and ~50%, for 
families and genera, respectively (Foote and Miller, 2007). From a quantitative perspective, the 
bivalve record is conducive to paleobiological analyses for several reasons: overall a relatively 
complete collection of material sampled over a broad range of latitudes, geographic areas, and 
time intervals (Alroy et al., 2008; www.paleobiodb.org); readily available data sources, and very 
low influence of the ‘Pull of the Recent’ (Jablonski et al., 2003; Alroy et al., 2008). This overall 
robustness of the bivalve record is likely the reason that the overall richness patterns documented 
in previous studies are remarkably similar to each other irrespective of the method and data used 
(Stanley, 1968, Hallam and Miller, 1988; Miller, 1990 a, b; Nevesskaya, 2008; Harnik and 
Lockwood, 2011).   
Regardless of which dataset is used, the overall genera-level richness curves for bivalves 
shows a progressive rise throughout the Phanerozoic (Fig. 3.2), a trend which reflects the fact that 
the majority of bivalve families ever present are still extant (Stanley, 1970; Harper, 1998) as well 
as a secular decline in origination and extinction rates throughout the Phanerozoic (Hallam and 
Miller, 1988; Harnik and Lockwood, 2011). Interestingly, the curves derived from the three 
databases are identical for the Ordovician, after which they diverge displaying three trajectories 
(Fig. 3.2). Throughout the Paleozoic and Mesozoic, the curve based on the SC data is always the 
lowest, largely reflecting the presence of a higher number of short-ranging taxa than the PBDB 
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(Fig. 3.1). This result differs from what has been documented for all marine invertebrate genera 
by Alroy et al. (2008) in that they showed that the curve based on the entire Sepkoski 
compendium, without any sampling correction, is higher than their raw, unstandardized curve 
based on their dataset set, throughout most of the Paleozoic. The SC-derived bivalve curve, 
however, rises to higher levels of richness than the sample unstandardized PBDB curve for all 
marine groups during the Cenozoic, which, according to Alroy et al (2008), generally results from 
Cenozoic oversampling. This Cenozoic variation signifies that other marine fossil groups are 
more poorly represented in the PBDB than in the SC. However, addition of data into the PBDB 
after 2008 is still inadequate for the Cenozoic. As to be expected, the curve based on the newly 
compiled dataset is always higher than the other two curves throughout, although the gap between 
the new and the SC lessens during the Cenozoic. The overall height of the new curve results from 
range extensions reflecting the revision of stratigraphic ranges of the taxa as well as from 
combining data from two sources with many unique taxa (see above).  
When the trends of the three bivalve curves are compared (Fig. 3.2), that derived from the 
SC is mostly flat throughout the Paleozoic, then displays a steep rise in richness in the Mesozoic, 
followed by an even steeper increase in the Cenozoic. In case of the PBDB curve, it documents a 
slow, progressive rise in richness throughout the Phanerozoic. The most unique feature of this 
curve is a lack of a substantial Cenozoic increase, and the Cenozoic richness remains similar to 
that recorded for the end-Cretaceous. This pattern compare favorably to that reported for all 
marine invertebrates when a sample-standardized data was used (Alroy et al., 2008). However, 
the sample-standardized curve of only bivalve richness based on the PBDB dataset displays a 
steep Cenozoic rise in diversity (Fig. 3.3B; Alroy, 2010). It, therefore, indicates that the Cenozoic 
radiation absent in the raw PBDB curve appears when various biases are accounted and strongly 
suggests that the PBDB dataset may be undersampled, as argued by Jackson and Johnson (2001) 
and Vermeij and Leighton (2003).  
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When the other major details of the curves are compared, all of them depict a drop in 
richness associated with the end-Ordovician, the P-T, and the K-Pg mass extinctions (Fig. 3.2). 
Interestingly, although the new dataset also captures a fall in richness during the Late Devonian 
coinciding with the Frasnian-Fammenian mass extinction, the other two curves do not record this 
event. Another mismatch between these curves occurs at the T-J mass extinction – whereas the 
PBDB curve shows a large reduction in richness, the SC curve shows a small decline and the new 
curve shows no effect of this event. Moreover, the overall patterns of these extinctions are 
different among these dataset (Fig. 3.2; also see below).  
Finally, in addition to the genus richness curve, it is also important to study the 
diversification history of higher taxa, which here is focused on orders and families along with 
determining their FADs and LADs to document major diversification and extinction episodes of 
the clade. The order and family level richness curves based on the new dataset show different 
trajectories (Fig. 3.4). The overall trajectory in richness for bivalve orders shows an initial and 
dramatic diversification of numerous orders (>10) during the Ordovician (Fig. 3.5a), followed by 
a gradual rise in richness which was maintained until the Early Jurassic, after which richness 
remains almost constant with a value of ~20 orders (Fig. 3.4). In comparison, the number of 
families shows an initial rise in the Ordovician, although not nearly as pronounced, in a relative 
sense, as for the orders, followed by a gradual rise throughout the Paleozoic that continued 
through to the Early Jurassic, after which it remained virtually static (~120 families) until the 
mid-Cretaceous, and then started to decrease in number (Fig. 3.4; but see Hallam and Miller, 
1988). The span from the Jurassic until the mid-Cretaceous is the interval over which these curves 
reached a richness plateau, whereas the overall trend of genus richness reflects a progressive, yet 
mostly gradual increase through this interval (Fig. 3.2).  
Considering these large and small-scale trends of diversification, as identified in the 
present study as well as in other previous studies, the overall history of the class Bivalvia can be 
divided into several major episodes after their first appearance in the Cambrian (see Fang, 2006 
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for details). The first of this occurred during the Ordovician when the clade experienced a major 
diversification (Bretsky, 1973; Stanley, 1968; Nevesskaya, 2008; Alroy, 2010) characterized by 
the first appearance of many orders and families (Fig. 3.5a). This diversification was a component 
of the well-documented Ordovician radiation (Connoley and Miller, 2001; Webby et al., 2004; 
Bambach et al., 2004), which has been tied to multiple biotic and abiotic causes (Webby et al., 
2004; Servais et al., 2009). A major ecological cause that likely triggered this radiation was the 
invasion of more offshore settings combined with an overall increase in onshore diversity (Miller, 
1988, 1990 a, b; see also Crame, 2000). However, the number of bivalve genera was relatively 
low during this initial phase of diversification (Fig. 3.2; Fang, 2006; Fang and Sanchez, 2012). 
This event is unique in that no other major phase of order-level diversification has been 
recognized at any point in the subsequent evolutionary history of the class.  
At the family level, a second phase of bivalve diversification occurred during the Triassic 
and Jurassic (Fig. 3.5a; Bretsky, 1973; Stanley, 1968; Nevesskaya, 2008). According to Stanley 
(1968), this radiation was initiated by the evolution of siphons as a consequence of mantle fusion 
that triggered a tiering expansion in bivalves through their invasion of the relatively deeper part 
within the sediment (i.e., infaunalization). This major bivalve radiation is a component of the 
well-known Mesozoic Marine Revolution (MMR; Vermeij, 1977, 1987; Thayer, 1979) when 
several groups of organisms diversified, especially those considered elements of the ‘Modern’ 
fauna (Walker and Brett, 2002). For bivalves, additional, although relatively minor, phases of 
family-level radiation occurred during the Devonian, Carboniferous, and Cenozoic (Fig. 3.5a).  
The genus-level curve shows another important feature common to many other marine 
groups – a mid-Paleozoic interval of comparatively stable generic richness (Stanley, 1968; 
Hallam and Miller, 1988; Nevesskaya, 2008; Alroy, 2010). This has been termed the ‘Paleozoic 
Plateau’ and has been identified in the global genus-level analysis of all marine organisms 
(Sepkoski, 1984; Bambach, 1999, 2004; but see Alroy et al, 2008 for an opposing perspective). 
Given that a spectrum of groups were diversifying during this interval largely in response to 
75 
extinction-related ecological reorganization (Bambach et al., 2002) and the invasion of previously 
unexploited ecological niches (Ausich and Bottjer, 1982; Bambach, 1983; Bambach et al., 2007) 
during the so-called ‘mid-Paleozoic Marine Revolution’ (Signor and Brett, 1984), it is not clear 
why global diversity remained almost unchanged instead of displaying an overall increase. 
However, for bivalves, there are at least three ecological aspects that potentially explain this 
pattern: 1) this clade suffered minimal richness reductions associated with the major Paleozoic 
extinctions (Hallam and Miller, 1988; Nevesskaya, 2008); 2) a limited number of new ecological 
niches were exploited by bivalves during this phase of the Paleozoic (see Chapter IV); and 3) the 
ecologic dominance and incumbancy of the already abundant and diverse brachiopods (Steele-
Petrovic, 1979) in the marine realm, which was severely disrupted during the P-T crisis 
(Sepkoski, 1996; but see Gould and Calloway, 1980; Clapham and Bottjer, 2007). After that, 
bivalves filled much of the ecospace previously dominated by brachiopods and became a major 
component of marine ecosystems. 
During the Cenozoic, a huge rise in the number of genera is seen (Fig. 3.5b); a rise that 
appears to be ubiquitous to virtually all approaches to examining the group’s Phanerozoic 
richness and can be seen in studies by Nevesskaya (2008) and Alroy (2010). However, despite the 
pronounced increase in genera there is no concomitant increase in the FADs of orders (Fig. 3.4), 
and, somewhat surprisingly, it is associated with a reduction in family-level richness (Fig. 4). 
Origination of as many as 150 and 125 new genera occurred during the Paleogene and the 
Neogene, respectively (Fig. 3.5c) and reflects this Cenozoic radiation. However, for bivalves, the 
genus-level taxonomic radiation initiated in the Permian, and the greatest pre-K-Pg increase was 
noted during mid-Cretaceous time (Figs. 3.1, 3.5). 
The overall genus-level pattern of Phanerozoic bivalve diversity is comparable with the 
Phanerozoic trajectory of Sepkoski’s (1984) Modern Fauna. This fauna, consisting mostly of 
bivalves and gastropods along with other groups, such as Osteichthyes, Malacostraca, 
Echinoidea, Gymnolaemata, Demospongiae, and Chondrichthyes, mirrors the Phanerozoic pattern 
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of bivalve richness in displaying a substantial diversification during the Ordovician, a Paleozoic 
plateau, a small reduction at the K-Pg extinction, and an ever-increasing diversification during the 
Mesozoic into the Cenozoic (Sepkoski, 1984). Even Sepkoski’s family-level diversity trajectories 
are highly comparable with the present study: a gradual increase until the Jurassic, after which it 
became stable (Fig. 3.4).  
Although sampling biases may be a factor behind this Cenozoic rise (as documented, for 
example, in Raup, 1972, 1979; Alroy et al., 2008), several other lines of evidence suggest that this 
increase may be real, at least as displayed by the bivalves. First, because the tropics have the 
highest diversity (Pianka, 1966; Valentine and Ayala, 1978; Bambach, 1990; Valentine and 
Jablonski, 1991) and these regions are generally considered to be under-sampled, most 
specifically during the Cenozoic (Jackson and Johnson, 2001; Johnson, 2003; Vermeij and 
Leighton, 2003) or underrepresented by Cenozoic deposits (Allison and Briggs, 1993), the 
expectation is that this would bias richness towards lower levels during the Cenozoic. Second, all 
stratigraphic bins (i.e., stages) during the Cenozoic are shorter than the remainder of the 
Phanerozoic (~6.08 and ~3.4 Ma, respectively, for the Paleozoic-Mesozoic and Cenozoic; p < 
0.05), another feature that would dampen Cenozoic diversity (Raup, 1972). However, there is no 
correlation between taxonomic richness and age durations during each geologic era, and this 
correlation for the entire Phanerozoic is weak and negative (Pearson ρ = -0.24, p = 0.02), 
indicating that uneven binning is not a potential explanation for this rise. Third, although the 
number of genus-level occurrences (data collected from the PBDB) during the Paleozoic is 
significantly lower than the Mesozoic and Cenozoic (t-test, p < 0.01), the correlation between the 
number of genera and the number of occurrences during the Cenozoic, excluding the Quaternary, 
is weak (Pearson ρ = 0.243, p= 0.347), lending further support to the Cenozoic rise being real and 
least affected by sampling biases. Fourth, habitat heterogeneity and rock volume decreased during 
the Cenozoic (Peters and Foote, 2001, 2002; Peters, 2005, 2006) which should negatively affect 
richness by decreasing sampling intensity from this interval. Moreover, the sample-standardized 
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curve for bivalves based on the PBDB dataset also displays a steep Cenozoic rise for bivalves 
(Fig. 3.3b; Alroy, 2010), which corroborates the reality of the Cenozoic rise. 
Another important aspect of the overall diversity dynamics is the effect of mass 
extinctions on bivalve evolutionary history. It has been argued that the class has been relatively 
immune to the five major mass extinctions, as reflected in the fact that the majority of bivalve 
families are extant (Stanley, 1970; Harper, 1998). However, the new dataset suggests that the K-
Pg extinction had a relatively significant impact when as many as 250 genera became extinct 
(Fig. 5c; Nevesskaya, 2008; Harnik and Lockwood, 2011); it can also be seen in the proportional 
diversity curve (Fig. 3.6), along with a significant drop in the family-level diversity (Fig. 3.4). 
Even, a few orders went extinct during this mass extinction (Fig. 3.5b). Among them, members of 
the Hippuritoida (i.e., rudistids) were an important component during the Cretaceous (e.g., 
Steuber, 2013). In contrast, the P-T extinction (compare Fig. 3.5b with 3.6) resulted in the 
extinction of only a few families without the loss of a single order (Bretsky, 1973; Hallam and 
Miller, 1988; Nevesskaya, 2008; Harnik and Lockwood, 2011). In terms of intensity, the next two 
big extinctions happened during the end-Ordovician and at the P-T, the former one having greater 
taxonomic extinction percentage at the genus level (Fig. 3.6). In addition, for bivalves, the 
Frasnian-Fammenian (Late Devonian) mass extinction (extinction intensity = ~11%) consisted of 
multiple extinction phases, which is also seen in the reconstruction of Harnik and Lockwood 
(2011); however, this was not seen in the richness graph. This may be explained by a rapid 
diversification when a few new genera and families appeared (Figs. 3.5a, c, 3.6; Bretsky, 1973; 
Nevesskaya, 2008; Harnik and Lockwood, 2011; Fig. 3.5a). A few other minor extinction phases 
can also be identified at the middle Carboniferous, middle Cretaceous, middle Paleogene, and at 
the Neogene (Fig. 3.6). However, the effect of these extinctions event and the various bioevents 
documented from throughout the Phanerozoic had minor effects on the genus-, family-, and 
order-level diversity throughout, and can be seen in the richness graphs (Figs. 3.2, 3.4).  
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Based on this new compilation, the Phanerozoic history of bivalves shows a progressive 
rise in richness without much effect of the major mass extinctions. These trends seen are less 
likely to be influenced by different types of time-dependent geological and sampling biases, 
although, the effect of the databases used can have significant impact on the fine-scale details. 
The present study has identified several major macroevolutionary episodes in the history of 
bivalves: the Cambrian-Ordovician radiation, followed by a Paleozoic plateau, a Mesozoic 
diversification, and a steep Cenozoic rise. During both of the Paleozoic and Mesozoic phases of 
diversifications, higher taxa (e.g., new orders and/or families) appeared during the early phase, 
followed by diversification of lower taxa (e.g., genera). 
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Figures 
 
Fig. 3.1: Compilation of age ranges for all taxa within the three taxonomic datasets. The 
distribution in SC differs significantly from the new database and the PBDB (in both cases p << 
0.01). In addition, the new database and the PBDB are also statistically significantly different, but 
the p value is comparably larger (p=0.025). 
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Figure 3.2. Genus richness curves based on three datasets are presented. Note, the major variations among these datasets are at the 
Mesozoic and Cenozoic time intervals. 
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Figure 3.3. Phanerozoic richness curves for bivalves. A: compares the curves with and without 
singletons demonstrating that the two are virtually identical with the most pronounced, although 
only minimal deviations denoted by the arrows. B: depiction of the sample-standardized curve 
based on the PBDB dataset which also displays a steep Cenozoic rise in richness (modified from 
Alroy [2010]). 
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Figure 3.4. Richness of bivalve orders and families through the Phanerozoic based on the new compilation 
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Figure 3.5: Numbers of first (FAD) and last (FAD) appearances of orders and families (A and B), 
and of genera (C) derived from the new compilation from this study. 
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Figure 3.6: Proportional changes in generic diversity are presented, following the new dataset. 
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CHAPTER IV: FILLING ECOLOGIC CUBES THROUGH TIME: THE  
BIVALVE PERSPECTIVE 
 
 
Abstract 
Throughout the Phanerozoic, the ecological diversity – the total number of ecological 
cubes based on mobility, feeding habit, and tiering – of bivalves, based on a newly compiled 
ecological database, has increased without much effect of the major mass extinctions. Exploration 
into new ecological conditions was mostly restricted during the Ordovician and the Mesozoic. 
Once occupied, generic diversity within many cubes increased through time, indicating increased 
packing within those cubes. Interestingly, while few cubes were always heavily occupied by 
many taxonomic groups, many of them were rarely occupied or have never been utilized. 
  
Introduction 
Recent global and large-scale studies on marine invertebrates through the Phanerozoic 
have documented two major patterns: first, an overall increase in the complexity of the 
ecosystems as reflected in the increase in the number of occupied ecospaces as well as increased 
packing of different species/genera into those occupied ecospaces (Valentine, 1969; Stanley, 
1968; Bambach et al., 2007; Bush et al., 2007); and, second, an overall increase in taxonomic 
richness (Sepkoski, 1978, 1984; Alroy et al., 2008) accompanied by changes in the overall 
structure (Vermeij, 1987, Bambach, 1993, Crame, 2000; Bush et al., 2004; Bush and Bambach, 
2011) and the taxonomic composition (Sepkoski, 1990). However, the connection between these 
macroecological and macroevolutionary changes are still in question, and it remains unclear 
whether ecological diversity plays any role in driving overall taxonomic diversification or vice 
versa. The major impediment to addressing these issues is that sufficient studies of the general 
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pattern of macroecologic variation throughout a significantly long geological time interval against 
which taxonomic data can be compared are lacking.  
In couple of paper that expounded upon potential processes controlling ecological 
diversification accompanied by taxonomic diversity rise, Valentine (1969, 1980) used the concept 
of ‘theoretical multidimensional hyperspace’ (Simpson, 1944; Hutchinson, 1965) to explain 
invasion and exploitation of new biotic and abiotic conditions that had not been previously 
inhabited by a particular group. These processes led to adaptive radiation. Later, Bambach (1983) 
promoted the approach of grouping taxa by varying ecologies - which he called "adaptive 
strategies" - as indicators of different life modes that organisms can have. In collaboration with a 
various colleagues, this approach was further modified to document the overall composition of 
the ecosystems at different time intervals by assigning different groups of taxa into a spectrum of 
finely differentiated life habits, which they referred to as “ecospaces” or “cubes” (Bambach et al., 
2007; Bush et al., 2007; Bush and Bambach, 2011); these schemes also have been used and 
modified by additional studies (Novak-Gotshall, 2007). 
One limitation of these studies used different groups of organism with variable 
preservation potential (Bambach et al., 2007; Bush et al., 2007; Novak-Gottshall, 2007), for many 
of which knowledge regarding their life habits can only be inferred with limited confidence. 
Therefore, although the overall pattern of increase in ecological diversification is documented, 
more detailed, clade-level data on ecological patterns are much less frequent. There are only a 
few available groups which have a sufficiently robust fossil record reflected in their relatively 
good preservation potential combined with a high degree of understanding concerning both their 
taxonomic history as well as evolution of various ecological characters suitable to this approach. 
Among the numerous classes that comprise global biodiversity, the Bivalvia are one such group. 
This clade, commonly referred to as the bivalves, is one of the most abundant groups with a 
comparatively complete fossil record (Hallam and Miller, 1988; Harper, 1998; Kidwell, 2005), 
combined with a well-known taxonomic diversity history (Chapter III). In addition, bivalves 
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display highly variable morphologic adaptations, which have allowed them to colonize a range of 
life habits within various shallow-shelf niches through to the deep sea (see Stanley, 1968, 1975; 
Allen, 1978). They have also successfully colonized freshwater environments, but those taxa are 
excluded from this analysis. Moreover, we have considerable data about the relationships 
between bivalve morphology and many aspects of their life habits based on various studies of 
modern taxa, so these inferences can be readily used for reconstructing the life habits of extinct 
taxa (Kauffman, 1966; Stanley, 1968, 1975; Seilacher, 1984, 1990; Savazzi, 1999, 2001, 2005).  
In contrast to the availability of various comprehensive taxonomic datasets for the 
bivalves (see Chapter III), no such ecological dataset exists. As a result, although patterns and 
trends related to the overall ecological history of the clade have been elucidated (Stanley, 1968, 
1972, 1977; Seilacher, 1984), the genus-level details of their specific life habits and how those 
have changed temporally have not been compiled, or, when data do exist, only been inferred for a 
few genera. To effectively document the bivalves’ overall ecologic diversity during the 
Phanerozoic requires a relatively detailed compilation of the life habits at the genera level. The 
present study is an effort to compile a comprehensive ecological dataset containing specific 
information regarding the life habits from the ecological characters of all known Phanerozoic 
bivalve genera. Then, this information can be used in conjunction with the taxonomic 
diversification history to delve into the interrelationships between the histories of ecologic change 
and of taxonomic diversification for the class through the Phanerozoic. To accomplish this, the 
present study has employed a modified classification scheme based on that used by Bambach and 
his colleagues (Bambach et al., 2007; Bush et al., 2007) to make it usable for bivalves and has 
tried to document how this ecologically, environmentally, and taxonomically diverse clade has 
changed in ecological exploitation and utilization. 
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Quantification of Ecological Diversity 
To document ecologic diversity of life inhabiting any ecosystem, it is necessary to 
specifically identify the theoretical ‘ecospaces’ by combining a range of different necessary 
ecological factors vital for the survival of the organisms (Odum et al., 1971). However, only a 
relatively small number of these can be confidently determined for groups having fossil 
representatives due to several reasons: 1) in many cases ecological inferences for extinct groups 
are difficult to develop in the absence of suitable modern analogues or paradigms (Dodd and 
Stanton 1990); 2) time averaging can significantly distort temporal variation in morphological 
and behavioral details (Kowalewski and Bambach 2003); and/or 3) significant information can be 
lost because of differential preservation potential of different taxa within the clade (Foote and 
Sepkoski, 1999) and even within body parts (soft versus hard).  However, various ecological 
parameters of fossil taxa can be determined with high confidence if their functional and 
constructional morphologic details are studied (see the works of Seilacher, Stanley, Gould, 
Savazzi, and many others) along with data from modern counterparts (Rudwick, 1964).  
Studies which have documented temporal changes in ecologic diversities at different time 
intervals have been primarily based on three common and fundamental properties: 1) locomotion 
which largely reflects the necessity of acquiring food and escaping predators; 2) feeding mode; 
and 3) a component, termed tiering, which reflects the vertical utilization of ecospace both up into 
the water column and down into the substrate (Table 4.1; Ausich and Bottjer, 1982; Bambach, 
1983; Bambach et al., 2007; Bush et al., 2007). The number of these ecological parameters 
investigated in a study can range from one to many depending upon the study’s scale, the 
group(s) investigated, and the question(s) involved (Ausich and Bottjer 1982; Novak-Gotshall, 
2007; see Bush and Bambach, 2011 for review). Further subdivisions of these three major 
components are somewhat qualitative (Bush and Bambach, 2011). For example, studies on 
metazoan radiations during the Phanerozoic and on the modern marine biota have identified the 
pelagic habitat as a potential element involved in tiering; however, it is not relevant in studies 
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focused on groups such as bivalves (Bambach et al., 2007; Bush et al., 2007; Novak-Gotshall, 
2007). Similarly, the grazing feeding habit is not present for bivalves. Therefore, for bivalves, it is 
better to classify those three major ecological parameters so that maximum variability with the 
class can be documented (Ros et al., 2012). Here, detailed explanations are provided for all the 
range of subcategories that have been used to subdivide life habits for bivalve genera.  
Tiering: Under the present scheme, seven different tiering types that bivalves can 
potentially occupy have been identified (T1-T7; Table 4.1). This classification is comparable with 
what have been proposed by Bambach et al. (2007) and Bush et al. (2007). However, we have 
treated borers separately from the burrowers, and have not included pelagic life habits into the 
subdivision. These include the following epifaunal and semi-infaunal groups:  
•T1 - erect epifaunal bivalves that grow up from the sediment-water interface into the 
water column (e.g., rudistid reef builders);  
•T2 - surficial epifaunal groups that live on and/or in contact with the sediment but never 
extend in a reef-like fashion high into the water column (e.g., ostreids). It is 
challenging to distinguish nestlers (bivalves residing within rock fractures and crevices; 
Savazzi, 1999) from other surficial epifaunal forms. In addition, the obligatory nestling 
habit throughout the ontogeny is rare, and this behavior is mostly facultative and 
typically restricted to the early ontogeny (Savazzi, 1999). Therefore, we have included 
them in T2 and not treated those as separate form of tiering. 
•T3 – semi-infaunal taxa that live partially buried within the substrate (e.g., pinnids). 
All other bivalves live entirely infaunally, and they are often differentiated between 
shallow and deep infaunal. Typically, the distinction between these two major divisions has been 
placed at 5 cm depth as this is considered the approximate depth below which organisms will 
encounter less frequent disturbances in maintaining their life position under natural conditions. 
For bivalves, the subdivision between deep and shallow infaunal forms is important because the 
group has shown a pronounced diversification of deep infaunal forms during the Mesozoic, 
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mostly during the Jurassic and Cretaceous (Stanley, 1968; for borers, this study), a life habit that 
was relatively uncommon during the Paleozoic. Based on these components, the infaunal bivalve 
tiering consists of the following groups: 
•T4 – shallow-burrowing forms that live entirely within the substrate, but the depth of 
penetration within the substrate is less than 5 cm, so that, if required, contact with the 
overlying water mass can be maintained (e.g., mactrids). 
•T5 – deep burrowers that inhabit deeper in the sediment (>5 cm), but retain contact with 
the water column by siphon or tubes (Stanley, 1970) (e.g., solemyids). 
•T6 – shallow borers that excavate harder substrates, such as lithified sediment, and live 
close to the substrate-water interface (Savazzi, 1999) (e.g., gastrochaenids). 
•T7 – deep borers penetrate deep (>5 cm) into hard substrates, but contact with the water 
column is maintained by tubes (Savazzi, 1999) (e.g., pholads). 
 
Feeding: Because it is difficult to confidently identify what fossil bivalves were actually 
feeding on and how they were feeding without the unlikely preservation of gut contents and soft-
body parts, the reconstruction of the feeding habits of individual taxa relies on a combination of 
examining their functional morphologies and taxonomic uniformitarianism. For the bivalves, two 
major, one minor, and a few other rare feeding habits are present. Here, we have subdivided all 
feeding habits into four categories, which are comparable to Bush et al. (2007) and Bambach et 
al. (2007) with two exceptions: because no bivalves are grazers, this category is omitted, and the 
surface deposit feeders and miners have been considered together. These feeding habits are: 
•F1 - suspension feeding group that filter-feed on microscopic organisms contained 
within the water column (e.g., mactrids). 
•F2 - deposit feeders that gather deposited loose microscopic particles from within the 
sediment. Bush et al (2007) and Bambach et al (2007) have subdivided F2 into two 
subcategories – surface deposit feeders and miners – based on which depth, with respect 
95 
to the sediment-water interface, they gather deposited food particles. However, 
considering that it is difficult to distinguish between them in the fossil record due to the 
lack of any visible, characteristic hard-part morphological characters indicative of these 
differences, we have combined them simply as deposit feeders (for a similar approach, 
see Ros et al., 2012) (e.g., nuculanids). 
•F3 - predatory (carnivores) bivalves feed upon prey capable of ‘resistance’ (sensu 
Bambach et al. (2007) (e.g., propeamussiids). 
•F4 - All other feeding strategies - parasitic, photo- and chemosymbiotic, and wood 
digesting - are not very common and taxonomically restricted to only a few groups, and 
therefore, are pooled together as ‘Other’ (e.g., vesicomyids). 
 
Motility: Motility (i.e., locomotion) defines the ability of the organisms to move actively 
through their habitat. Because no bivalves are truly motile with great mobility within their 
biogeographic ranges, we have modified the classification scheme of Bambach and his colleagues 
to identify five potential substrate motility levels for bivalves (Table 4.1). The five different types 
of motility are: 
•M1 - cemented forms that attach themselves to a hard substrate by secreting carbonate 
cements or by using their calcified byssus (e.g., ostreids). 
•M2 – bivalves that can facultatively attach themselves with the use of byssal threads and 
unattach themselves when necessary (e.g., mytilids); in some groups these byssal threads 
have been used to enhance motility (Yamaguchi, 1998).  
•M3 - bivalves that rest freely, without any attachment, on the substrate are known as 
recliners (e.g., gryphaeids).   
•M4 - fully motile, burrowing forms (e.g., mactrids) are mostly infaunal taxa that burrow 
by use of either a muscular foot or byssus. Although the burrowing rate index (BRI; 
sensu Stanley, 1970) can be used to separate fast and slow burrowing bivalves, it is 
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difficult to do reconstruct the rate in fossil forms, and, therefore, these groups have been 
combined into a single category.  
•M5 - fully motile, free swimming bivalves can remain suspended in the water column 
for relatively short intervals of time as compared to true nekton (e.g., pectinids), and 
usually do so when they encounter some disturbance; no Recent bivalves are permanently 
nektobenthic.  
 
Tiering, feeding, motility combined: The next step is to combine these various sets of  
vital ecological components together into a system that can readily be subdivided to identify 
three-dimensional ecological hyperspaces (Hutchinson, 1965) or ecospace (Bambach, 1983) 
where an organism or groups of organisms could potentially live. These ecospaces are equivalent 
to Valentines’ (1980) ‘tesserae’ where each ‘tile’ represents a defined ecospace which organisms 
can exploit and where they interact with their surroundings. This process can also potentially 
invade unoccupied and unexploited tessera by evolving the necessary morphologic and functional 
attributes (Valentine, 1980). However, these ecospaces are conceptually different from niches or 
guilds in the sense that taxa inhabiting a given ecospace do not compete for any defined 
resources; therefore, no competitive exclusion is involved (see Bambach et al., 2007 for details). 
The number of ecospaces filled indicate the roles that organisms living in a given habitat play and 
indicate how versatile the organism or a group of organisms are in exploiting the resources 
without competing for particular resources with other members of the ecospace. These ecospaces, 
therefore, are three-dimensional and are generally termed ‘cubes’. For bivalves, a total of 140 
theoretically inhabitable cubes or fundamental ecospaces have been identified (Fig. 4.1) and each 
one has been given a three-component code which encapsulates the various elements discussed 
above (Table 4.2; e.g., T1F1M1 for erect epifaunal- suspension feeding-cemented forms). 
To document the actual, rather than the theoretical ecospace utilization by bivalves 
throughout the Phanerozoic – i.e., how many cubes/ecospaces have been occupied/realized at 
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different time intervals – as well as to develop an ecological diversity curve, this necessitates the 
assigning of all bivalve taxa (genera are used in this case) into their corresponding cubes 
(appendix Table B.1).  Because bivalves show potential conservatism in the ecological characters 
outlined previously at higher taxonomic levels (most pronounced at the family level and lower), 
using genera as the unit of study should effectively capture the range of life habits. Moreover, the 
use of genera has some additional advantages (see Chapter III for details) and makes it possible to 
compare the results obtained here with other studies on bivalves. As a critical part of this 
comparison, an updated taxonomic dataset (developed in Chapter III) is a critical starting point 
for comparison.  
A spectrum of resources has been used, including the original papers on the 
paleoecological interpretations of various bivalve genera, to produce the ecological dataset to be 
examined here. In many cases, more than one source was used to identify ecological parameters 
of a genus to reinforce the validity of the ecological data. For reconstructing bivalve feeding 
habits, the major sources used to compile these data are the Neogene Marine Biota 
of Tropical America (NMITA; http://eusmilia.geology.uiowa.edu/), the Paleobiology Database 
(PBDB; www.paleobiodb.org), Mikkelsen and Bieler (2008), the bivalve volumes of the Treatise 
of Invertebrate Paleontology (Treatise; Cox et al., 1969), Taylor and Gover (2010), and Skelton 
(2013). Similarly, for reconstructing motility, the major sources used were the bivalve volumes of 
the Treatise (Cox et al., 1969), Stanley (1970, 1977), Savazzi (1999), Kriz (2001, 2007), and 
Mikkelsen and Bieler (2008) as well as the data compiled in the NMITA and PBDB databases. 
For tiering, the major data sources employed to compile the necessary data were the bivalve 
volumes of the Treatise (Cox et al., 1969), Stanley (1977), Kriz (2001, 2005, 2007), Checa and 
Jimenez-Jimenez (2003), Mikkelsen and Bieler (2008), Skelton (2013), the NMITA, and the 
PBDB. Many of these resources are specifically devoted to a particular groups (e.g., for the 
hippuritids: Skelton [2013]), whereas some of the other sources have much broader applicability 
(e.g., Mikkelsen and Bieler (2008). In cases where specific information for genera was not found, 
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morphological details contained within the shells were used to identify the ecological parameters 
of specific genera. For example, where confusion exists regarding the depth of infaunalization 
(i.e., tiering), this was clarified by tallying both the pallial sinus index (pallial sinus:shell length 
ratio; sensu Kondo, 1987) and examining the shell shape as available in the literature. When none 
of this information was available, we have inferred the ecological modes by examining data from 
the remaining genera within a given family. In this way, for each genus the data on tiering, 
motility, and feeding habit have been compiled. If data from a particular genus’ three major 
characters point to more than one ecological ‘cube’ (~25% of the total genera), each of them is 
noted such that an individual genus might be represented in more than one cube. For example, 
members of the family Nuculidae show both deposit- and suspension-feeding behaviors 
(Mikkelsen and Bieler, 2008); therefore, genera are assigned to more than one cube (appendix 
Table B.1). However, although a number of bivalves show ontogenetic variation in their 
ecological characters (e.g., presence of byssus at the early ontogenies of many different groups of 
bivalves, which may or may not be neotenously retained; Yonge, 1962; Stanley, 1972), these 
ontogenetic variations in life habits are not considered and only the adult life habits are 
documented here (for similar approach, see Bush et al., 2007).  
Finally, a list containing all of the Phanerozoic bivalve genera with their ecological 
characters listed was completed. Using that compilation, the three ecological components – 
tiering, feeding, and motility – were plotted separately to determine the long-term patterns of 
bivalve’s exploitation of the various ecologic combinations; these were then compared with 
previous studies on macroecological patterns (Stanley, 1968; Hallam and Miller, 1988; Aberhan 
et al., 2006). By determining how many cubes were occupied at a given time, we have 
reconstructed the amount of ecospace utilization by bivalves at any particular bin (here equivalent 
to stages), as well as throughout the entire Phanerozoic. These bin-level compilations were used 
in turn to develop an ecological diversity curve, which represents the total number of cubes 
occupied by different groups of bivalves at different time intervals. In addition, first and last 
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appearances of when genera filled or vacated each cube (i.e., Ecological FADs and LADS; 
EFADs and ELADs of cubes) were plotted to identify phases of ecological diversification and 
extinction during the Phanerozoic. Furthermore, relative generic abundances for all the genera per 
cube were plotted to document which of these inhabited cubes were more densely packed than 
others.  
 
Phanerozoic History of Tiering, Motility, and Feeding Habits 
Tiering: Throughout their history, bivalves have shown a wide variety of tiering, the 
relative dominance of which has fluctuated during the Phanerozoic (Fig. 4.3). For bivalves, the 
most common tiering position was to live within the substrate (~50% of all bivalve genera) 
predominantly as shallow burrowers (SBu; ~38%). Surficial epifaunal (SE) forms were the 
second most abundant (~30%), followed by semi-infaunal (SI; ~15%) and deep burrowing (DBu) 
forms (~13%). Deep borers (DBo) were always rare (<1%). Whereas most of the genera are tied 
to a single tiering mode, a few display two (~4%) or more (<< 1%) tiering subdivisions. Those 
genera with more than one tiering level showed flexible life habits, such as surficial epifaunal 
along with semi-infaunal mode of life, or shallow- and deep-infaunal modes. Below, we will 
discuss about these tiering levels according to their first appearances. 
Both the shallow (SBu) and deep (DBu) burrowers first appeared during the Cambrian, 
but showed different trajectories. The SBu forms display a huge diversification during the 
Ordovician, but remained virtually constant during the rest of the Paleozoic (Table 4.3). During 
the Mesozoic era, SBu became the most numerous filled ecospace mostly represented by the 
heterodonts (Arcticidae, Cancrediidae, and Astartidae), trigonids (Stanley, 1977), and nuculids 
(Aberhan et al., 2006). During the Jurassic and Cretaceous, different kinds of siphonate forms 
diversified (Stanley, 1968), and become one of the most important members during the Cenozoic 
(Table 4.3). In contrast, DBu showed a relatively slow rise until the Jurassic, after which they 
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showed two major phases of increase: during the Cretaceous and Cenozoic (Table 4.3). The major 
groups of DBu during the Mesozoic were the mucus tube-feeding and chemosymbiotic lucinids 
as well as members of Pholadomyoida, and members of Tancrediidae (Aberhan et al., 2006).   
Semi-infaunal (SI) forms also appeared during the Cambrian, increased significantly 
during the Ordovician and maintained similar abundance during the remainder of the Paleozoic 
(Table 4.3). During the Cretaceous, their abundance reached its acme, which was much reduced 
during the K-Pg crisis (Table 4.3).  
Erect epifaunal (EE) forms first appeared during the Permian and increased in abundance 
during the Jurassic; they became most abundant during the Cretaceous (Table 4.3), when they 
were a major reef-building component within the marine realm (Kiessling et al., 1999). They 
became extinct during the K-Pg crisis (Table 4.3). Surficial epifaunas (SE) first appeared during 
the Cambrian, then displayed a gradual increase until the Carboniferous (Table 4.3). During the 
Permian, their generic abundance multiplied by a factor of more than two, followed by huge 
diversification during the Mesozoic and Cenozoic. They were unaffected by either the P-T or K-
Pg extinctions (Table 4.3).  
In comparison to the majority of other groups that had their first appearance in the 
Cambrian, boring habits developed relatively recently, and were always rare. Shallow borers 
(SBo) first appeared during the Permian and maintained a low abundance until pronounced 
diversifications which occurred during the Cretaceous and the Cenozoic (Table 4.3). In contrast, 
deep borers (DBo) first appeared during the Carboniferous and were represented by only one 
genus (Table 4.3); after which they diversified during the Cenozoic (Morton, 1990). The 
Cenozoic radiation of these hard-substrate boring forms is thought to be associated with evolution 
of coral reefs and an increase in predation pressure within the marine realm (Morton, 1990).   
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Along with their different generic richness trajectories, the proportional diversities have 
also waxed and waned at different intervals (Fig. 4.3). The Paleozoic history can be differentiated 
into two distinct phases: 1) an initial phase from the Cambrian to the Devonian during which 
semi-infaunal forms were the most dominant, followed by surface infauna and shallow-burrowing 
forms; and 2) followed by an interval during which surficial epifaunal forms become the most 
dominant, followed by shallow-burrowing and then semi-infaunal forms (Fig. 4.3). The relative 
dominance of epifaunal forms started to increase from the Silurian onwards and was represented 
by approximately 40% genera during the Permian (Fig. 4.3). Deep-infaunal forms were rare 
throughout the Paleozoic, although their relative dominance increased gradually (Table 4.2; Fig. 
4.3). In terms of the distribution of ecospace, the Triassic was almost identical to the Permian, the 
only difference being the increased dominance of the surficial epifaunal forms (Fig. 4.3). This 
trend was largely disrupted during the remainder of the Mesozoic, a phase characterized by the 
evolution of burrowing infaunal and boring forms (Stanley, 1968). This marked the transition of 
their becoming dominant relative to the surface epifauna. However, the most interesting change 
in the dominance pattern was observed during the Cretaceous, when the erect epifaunal, reef-
building forms (Hippuritida; Steuber, 2013) dramatically diversified and became abundant (Table 
4.3; Fig. 4.3; Kiessling et al., 1999). The whole dominance pattern was greatly disrupted by the 
K-Pg extinction when all the reef-building bivalves became extinct (e.g., Kiessling et al., 1999; 
Steuber, 2013). After this crisis, infaunal forms, mostly the shallow-infauna, dominated the 
bivalve-inhabited ecospace representing more than 50% of genera-level abundance (Fig. 4.3). 
Surficial epifaunal elements were also common, when semi-infaunal forms were rare. Boring 
forms were always rare, but their relative dominance increased during the Cenozoic (Table 4.3; 
Fig. 4.3). Considering this general pattern, overall an increase in infaunalization was documented 
which lasted until the Jurassic when a huge number of shallow-infaunal families appeared 
(Stanley, 1968; Aberhan et al., 2006; Nevesskaya, 2006). This pattern is comparable with the 
pattern shown in the history of marine fauna that also showed increase in infaunal dominance 
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during the Mesozoic (Aberhan et al., 2006) and Cenozoic (Bush et al., 2007). The Mesozoic time 
interval has been identified as the time when both predation and competition, along with 
biological disturbances in marine communities increased substantially, which might be 
responsible for producing this trend (Vermeij 1977, 1987; Thayer 1983). In addition, studies have 
shown high predation pressure during the Mesozoic and Cenozoic (Huntley and Kowalewski, 
2007; Bardhan et al., 2012; Mallick et al., 2013, 2014). A case study on bivalve prey selectivity 
by drilling gastropods (largely members of the families Naticidae and Muricidae) showed that the 
diet of these drilling gastropods selectively included infaunal bivalve taxa over their epifaunal 
counterparts, and this selective nature intensified during the Cenozoic (Mondal and Harries, 
2013). However, although muricids mostly attack epifaunal prey, infaunal naticids can forage 
subaerially apart from attacking infaunal prey (Das et al., 2012). Therefore, although these 
gastropod predators were the main predator for the bivalves, infaunalization of bivalves cannot 
totally be explained by an increase in gastropod predation (Mondal and Harries, 2013; Madin et 
al., 2006). 
 
Motility: Bivalves are mostly non-motile or facultative motile organisms with limited 
motility; the proportional abundances within these motility groups have changed through time 
(Fig. 4.3). The most common form of motility was the slow motile (MoS) forms including both 
fast and slow burrowers (~50%), followed by the bysally attached facultative mobile (By) forms 
(~35%) and cementing (Ce) forms (~10%). The majority of the bivalve genera show only one 
mode of motility (~88%), while only ~12% showed more than one type. Among those taxa with 
dual motilities, ~10% of genera displayed both the MoS and By modes; all other dualities are 
extremely rare (<< 1%) and include genera that have both reclining with either byssal attachment, 
burrowing, or swimming, burrowing combined with swimming (e.g., Solemya; Stanley, 1970) or 
byssal attachment and cementation with byssal attachment or a reclining mode of life.    
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Cementing forms (Ce) first appeared during the Carboniferous (Newell and Boyd, 1970) 
and then showed a very slow rise until the Jurassic (Table 4.3). During the Cretaceous, they 
became one of the most important components of the shallow-marine realm, mostly because of 
diversification of the rudistid bivalves (Kiessling et al., 1999; Steuber, 2013). During the K-Pg 
the richness of the cementing mode decreased substantially, mainly because of the demise of the 
rudists, after which richness remained low. Bysally attached forms (By) are older and first 
appeared during the Cambrian. During the Ordovician, they diversified in huge numbers and 
subsequently followed by a very slow rise until the Cretaceous (Table 4.3). However, during the 
Cenozoic, they increased in number (Table 4.3). However, an experimental study on feeding by 
the predators (asteroids and crustaceans) on byssally attached bivalves suggested that these forms 
should have decreased in combination with the increase in predation pressure (Harper, 1991); 
however, this argument fails to explain the increase of bysally attached bivalves during the 
Cenozoic. In comparison, although reclining forms (Re) first appeared during the Cambrian, they 
remained rare during the Paleozoic (Table 4.3). They became common during the Mesozoic, 
displayed a substantial decrease in abundance during the K-Pg extinction from which they did not 
recover and, therefore, were rare during the Cenozoic. Rarity of the reclining forms during the 
Cenozoic (Table 4.3) can be explained by the overall increase in sediment bulldozing by the 
motile forms in the ecosystem (Thayer, 1983) that disturbed the sediment stability and likely the 
feeding abilities of these recliners (Labarbera, 1981). 
The most common mode of bivalve motility, shallow burrowing forms (MoS), first 
appeared during the Cambrian and became very abundant during the Ordovician, after which they 
remained almost unchanged in richness during the remainder of the Paleozoic (Table 4.3). During 
the Mesozoic, mainly during the Jurassic and the Cretaceous, a dramatic increase in this motile 
form was documented globally, and has been linked primarily to the first appearance of siphon 
feeding and heterodont dentition (Stanley, 1968). This innovation helped bivalves to occupy 
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shallow and deep infaunal habitats in many different ways inaccessible to Paleozoic non-
siphonate bivalves and brachiopods (Stanley, 1968), and helped them to become a significant 
member of the shallow shelf habitat. During the Cenozoic, they experienced another 
diversification phase and became the most common bivalve motile forms in the modern oceans. 
In contrast, fast motile forms (MoF) were always rare (Table 4.3). 
Along with their different generic richness trajectories, their relative dominances have 
also fluctuated during the Phanerozoic (Fig. 4.3). Throughout the Paleozoic, slow motile forms 
were always the most dominant (>50%), followed by the bysally attached facultative forms. 
Reclining forms were always rare (Table 4.3). Cementing forms initially became more significant 
member during the Mesozoic, and become very abundant during the Cretaceous with the 
diversification of erect epifaunal, reef-building forms (Hippuritida; Steuber, 2013) along with 
various types of oysters, including plicatulids. Aberhan et al. (2006), by using a global database, 
showed a fall in the dominance of reclining forms during the Jurassic in a study that examined the 
benthic ecosystem in its entirety; this study’s results show that reclining bivalves became more 
dominant during this period. The present study is based on a newly raised, updated database, 
which can explain this discrepancy in the pattern shown in the 2006 study with the present study. 
During the Cenozoic, more than 60% of bivalve genera were motile (Fig. 4.3), however, 
cementing forms became almost insignificant; however, bysally attached forms were common. 
Considering the overall dominance pattern, it appears that the mobility within bivalves has 
increased with an overall demise of non-motile forms (Vermeij, 1987). 
Feeding habits: A great majority (~90%) of bivalves are either exclusively or facultative 
suspension feeders (SF), capable of filtering food particles from the water column. The second 
most common mode of life is deposit feeding and mining (DF), represented by ~11% genera. The 
other feeding modes (Table 4.3) were very rare (<<1%). Only a few member of the class, mostly 
Nuculidae, are capable of both SF and DF feeding modes (Mikkelsen and Bieler, 2008). The 
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other major dual mode of feeding includes symbioses and DF or SF, which are reflected in ~10% 
of genera. 
Suspension feeding first appeared during the Cambrian. There were several major bursts 
represented by increases in abundance which occurred during the Ordovician, Permian, Jurassic, 
Cretaceous, and the late Cenozoic (Table 4.3). In comparison, although DF appeared during the 
Cambrian, it remained always rare. However, during the Cenozoic, genera with this mode 
increased significantly (Table 4.3). The other two modes of feeding appeared relatively later in 
the Phanerozoic: carnivory (Ca) appeared during the Carboniferous (Harper et al., 2006), and all 
other (Ot) modes of feeding together (i.e., chemo and photosymbiosis, and wood digesting) first 
appeared during the Ordovician (Table 4.3). Whereas Ca always remained rare (Harper et al., 
2006), Ot started to rise from the Permian, and became more common during the Cenozoic (Table 
4.3). 
Throughout their evolutionary history, majority of the suspension feeders were infaunal 
(Table 4.3; Figs. 4.2, 4.6); only during the Triassic did this pattern change when suspension-
feeding epifaunal forms were more dominant. Deposit feeders were common in the Paleozoic and 
Cenozoic, but during the Mesozoic, their relative dominance decreased (Fig. 4.3). Although 
carnivory always remained extremely rare, all of the feeding habits classified as Other (Ot) 
become more common during the Cenozoic. 
 
Phanerozoic History of Ecospace Utilization  
Several types of geological and collection-based biases can potentially alter the overall 
Phanerozoic fossil record of bivalves (Raup, 1972, 1979; Allison and Briggs, 1993; Adrain and 
Westrop, 2000; Smith et al., 2001; Smith, 2001; Alroy et al., 2001, 2008; Dunhill et al., 2012). 
For marine bivalves, the biases are thought to be relatively minimal, mainly due to a robust fossil 
106 
record (see Chapter III for details). However, studies on ecological diversity can be potentially 
biased if organisms, in this case bivalve genera, have a particular life mode that has a higher 
preservation potential than others. For example, infaunal life forms are more likely to be 
preserved than their epifaunal counterparts, simply because after their death infaunal taxa remain 
buried under the substrate and are less affected by taphonomic reworking. Similarly, if a 
particular life form is rare (e.g., deep borer), it is less likely to be found as fossil material, 
suppressing their richness artificially (Valentine et al., 2006). However, for bivalves, these life-
habit-specific biases are also thought to be relatively insignificant which is supported by the 
following observations: 1) gap analysis of missing taxa suggests that infaunal life forms are as 
commonly preserved as epifaunal forms (Harper, 1998; Valentine et al., 2006), and in many 
cases, when fossil record of living genera and subgenera were studied as an indication of 
completeness of record, it was found that epifaunal forms are more fully represented than the 
infauna (Valentine et al., 2006). This can be explained by the fact the many epifaunal forms are 
cemented groups, or attach themselves firmly to the substrate, therefore enhancing preservation 
than the unattached forms. In many cases, epifaunal forms (mostly the recliners) are large and 
heavy, promoting preservation; 2) study of fossil record of extant taxa indicate that the most 
common suspension-feeding and the less common, small-bodied deposit-feeding groups are 
similarly represented in the fossil record (Valentine et al., 2006). Therefore, as with taxonomic 
completeness, ecological completeness is also expected for this group, and, based on our 
understanding of their fossil record, it appears a detailed and quite accurate ecological study can 
be performed using fossil genera. 
According to the ecological classification scheme used herein, bivalve genera can be 
differentiated into a range of ecospaces or cubes. Based on the three components discussed in 
detail above, there are a total of 140 modes of life (i.e., fundamental ecospaces) that can be 
theoretically occupied by bivalves (Fig. 4.1; appendix Table B.1). However, given the various 
constraints on their morphology (discussed in more detail below), only 44 of these theoretical 
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ecospaces (31.43%) were actually occupied by at least one genus (i.e., realized ecospace) (Table 
4.2; Fig. 4.1). Among these realized cubes, some of them were heavily occupied, and some of 
them were very rarely occupied (Table 4.2; Fig. 4.1). The most dominant ecologic groups were 
the shallow-infaunal suspension feeding-burrower (~32% of all genera), followed by the surficial 
epifaunal-suspension feeding-facultative mobile (byssally attached) groups with around 20% 
genera (Fig. 4.1; Table 4.2). In contrast, a total of seven cubes were occupied by only one genus, 
and 23 cubes were filled by less than 10 genera (Fig. 4.1; Table 4.2); 96 cubes (~70%) were never 
occupied (Fig. 4.1).  
As Bambach et al (2007) have discussed, because the variability in the conditions along 
each axis (in the instance discussed here: three) of the cubes are highly variable, some ecospaces 
were more heavily occupied than other while some remained unexplored and unoccupied (white 
cubes in Figs. 4.1, 4.2). In addition, there are certain morphological, phylogenetic, and 
environmental limitations that inhibit occupancy to every available ecological condition 
(Seilacher, 1970; Gould, 1989; Ross and Allmon, 1990). Among these, as listed by Bambach et al 
(2007), there are two major constraints which pertain to bivalves: (1) the organism or their 
required food sources must be passively or actively motile so that the organisms can obtain their 
required food sources. For this reason, non-motile forms, including bivalves, cannot be deposit 
feeders. This pattern is seen in our newly compiled ecological diversity dataset, where no 
cementing and only a few (n = 10) facultative motile bivalve genera are capable of deposit 
feeding. In this way, at least seven cubes (all under the cementing tier) are uninhabitable in nature 
(transparent boxes in Fig. 1, 2). The only deposit feeding and reclining bivalve is Tindaria 
(Sanders and Allen, 1977) and its ecology is a facultative motile, surficial epifauna with siphons, 
which may be the reason for this uncommon life mode; (2) motility is linked to the external 
physical condition, for this reason some motile forms capable of specific tiering are generally 
rare. For example, free-motile forms generally do not show erect epifaunal life habits (Bambach 
et al., 2007). Therefore, 16 other cubes (all contained within the various motility levels associated 
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with erect epifaunal tiering, with the exception of those that are cemented) should be 
uninhabitable (Figs. 4.1, 4.2). Similarly, 16 other life habits, all with cementation and motile 
nature are considered as uninhabitable.  
There are also a few life forms where, although there are no readily apparent theoretical 
problem, are always rare. These are deep boring forms and fast motile forms (Figs. 4.1, 4.2; Table 
4.2). Rarity of deep boring forms cannot be explained by the preservation bias, as infaunalization 
into hard substrate should be associated with a very high fossilization potential. This paucity of 
deep infaunal and deep borers may reflect the difficulty in maintaining connection with the 
overlying water column. Similarly, considering the high energy required for an organism to live 
as a fast motile form, this ecospace is also rarely filled, especially by organisms who largely feed 
passively. However, in the fossil record, it is sometimes difficult to confidently identify the fast 
motile forms, even when we have knowledge of the morphological details related to this life habit 
(Stanley, 1970). 
In spite of all these difficulties, some bizarre modes of lives have evolved. For example, 
some boring bivalves are initially motile, but after they attain a significant depth of burial, or at 
least nine bivalve genera can be placed within the cube identified as shallow borer-suspension 
feeding-cemented (Table 4.2; Figs. 4.1, 4.2). Similarly, fast-motile, deep-infaunal forms, although 
represented by only three genera, are also present for bivalves (e.g., Solemya; Stanley, 1970). The 
other bizarre forms in the class Bivalvia are carnivorous (n=39), and facultative-pelagic (i.e., 
swimming; n = 23) habits, and erect epifaunal, reef-building nature by the photosymbiotic 
Lithiotis (Damborenea et al., 2013; Nauss and Smith, 1987). These forms are rare, because these 
require high energy for maintaining that life habit.  
Considering all these limitations and variations, it appears that bivalves are ecologically 
and morphologically very diverse. To document how this ecological diversity has changed 
throughout its evolutionary history, we have plotted the total number of occupied cubes at 
different time interval, which gave us the ‘ecological diversity curve’ (Fig. 4.4). In addition, first 
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and last appearances of the realized cubes have also been plotted (Fig. 4.5) to identify major 
phases of ecological diversification as the ‘colonization’ of new ecospace as represented by the 
cubes will indicate ecological innovation during the clade’s history. The overall ecological 
diversity has gradually increased throughout the Phanerozoic with major phases of diversification 
associated with the early Ordovician, middle Devonian, middle Triassic, middle Cretaceous, and 
early Paleogene (Fig. 4.5). From an ecological perspective, the Ordovician represents the most 
important phase as 10 cubes were occupied for the first time, followed by the Cretaceous (number 
of EFADs = 6) (Fig. 4.5). Almost all of the life modes of bivalves that ever appeared are still 
extant in the marine realm, except for a few cases, such as the demise of the reef-building 
rudistids (Steuber, 2013). The major phases of cube extinctions occurred during the middle 
Devonian and mid-Cretaceous, as well as at the K-Pg extinction boundary (Fig. 4.5). 
Considering the overall evolutionary history of bivalves, a few major time slices can be 
identified as potential time of major evolutionary changes. The early Cambrian palyp-feeding, 
epifaunal ‘archetype’ bivalves were very small with simple internal organization not capable of 
pedal burrowing (Fang, 2006). These ‘archetype’ forms were represented by only a few genera, 
and suffered huge extinction during the late Middle Cambrian due to a change in the nature of the 
substrate style from ‘matgrounds’ to the new ‘mixground’ conditions (Fang, 2006). However, 
eight other ecospaces were also filled, but with very low genera-level diversity (Figs. 4.1, 4.6). 
However, there is considerable debate regarding the infaunalization of these early bivalves, and 
no consensus has yet appeared (see Fang [2006] for details).  
The Ordovician was the time of one of the greatest ecological diversification of bivalves, 
when bivalves occupied a total of 18 cubes (Figs. 4.1, 4.3-6; Fang, 2006). This ecological 
diversification was manifested in the appearance of a total of ten new life habits which were 
previously absent, and is supported by a very steep rise in the number of realized cubes along 
with high peaks in the cube EFADs (Figs. 4.1, 4.3-6). These new life habits include: infaunal, 
semi-infaunal, and epifaunal, bysally attached forms capable of suspension, deposit, and other 
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type of feeding habits (e.g., symbiosis), free-burrowing, deep-infaunal forms capable of 
suspension and symbiosis, surficial epifaunal recliners and burrowers along with other semi-
infaunal forms (Table 4.3; Fang, 2006). The major cause behind this huge diversification was 
related to a series of morphological innovations including the evolution of pedal burrowing into 
soft substrates, the capacity for feeding employing gills, and the appearance of byssus in both the 
early and adult individuals (Yonge, 1962; Stanley, 1972, 1977; Fang, 2006).  
After that, the ecological diversity of bivalves did not change significantly (Figs. 4.1, 4.3, 
4.5). However, the relative dominance within the occupied cubes started to change in such a way 
that the endo- and epibyssate suspension feeding forms became dominant along with semi-
infaunal, suspension feeding burrowers (Figs. 4.1, 4.3, 4.6). One of the major mass extinction 
event – the P-T extinction - did not have significant effect on bivalve ecology (Nakazawa and 
Runnegar, 1973), because none of the pre-extinction cubes suffered extinction with almost similar 
type of relative dominances among and within cubes (Figs. 4.1-3). Moreover, the genera-level 
richness within each occupied cube has also increased from the Cambrian to the Ordovician (Fig. 
4.2). The major important ecological events during this interval are a small-scale radiation of 
suspension-feeding infaunal forms and the first appearance of cementing forms during the 
Carboniferous (Table 4.3; Fig. 4.2).  
The Mesozoic was the interval when bivalves began to numerically dominate many 
benthic environments, and became a dominant component of the marine realm (Stanley, 1968; 
Hallam and Miller, 1988). This is manifested in an increase in the total number of occupied cubes 
along with a change in the overall dominance pattern among the cubes. Two major groups - 
infaunal suspension feeding and erect epifaunal reef-building forms – were the dominant 
components during this era (Kiessling et al., 1999; Steuber, 2013).  The major innovations which 
allowed the bivalves to invade into the deeper part of the sediment and become permanently 
infaunal are siphon formation as a consequence of mantle fusion in association with the 
eulamellibranch gill, heterodont dentition, and crossed-lamellar shell structure as well as the 
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appearance of shell ornamentation conducive to burrowing in the Trigonacea (Stanley, 1968, 
1977). As documented by Stanley (1968), a total of 15 new infaunal superfamilies appeared 
during this time interval with repeated peaks in the EFAD plot of the cubes (Fig. 4.5). 
Interestingly, not only in the number of realized cubes but the generic richness within each cube 
has increased throughout (Figs. 4.1, 4.6), which suggest increase in packing within the already 
occupied cubes.  
Bivalves were moderately affected by the K-Pg mass extinction episode (Hallam and 
Miller, 1988), which can also be seen in high peaks in the EFADs of cubes during that time (Fig. 
4.5). The group which totally got extinct during this event was the Hippuritoidea, although the 
other group sharing the same ecospace – corals – survived the extinction (Kiessling et al., 1999). 
However, when corals lived in deeper, quieter, mud-dominated environment, reef-building 
rudistid bivalves lived in shallower, high energy, warm and saline, nutrient-laden, carbonate 
sandy environments (Kauffman and Johnson, 1988; Johnson, 2002), Extensive heat transfer 
towards the pole, starting from the mid-Cretaceous, by the surface and subsurface sea water 
during the seal-level highstand lowered the superheated tropical temperature (Johnson et al., 
1996), thus completely killing the rudistid reef colonies either gradually or catastrophically 
(Johnson and Kauffman 1990; Steuber et al., 2002); after this demise, corals became the most 
dominant group occupying that ecospace (Kiessling et al., 1999). The total effect of this 
extinction can be seen in Figure 4.6, which showed that the number of realized cubes decreased 
from 37 to 36, along with a decrease in genera richness in each cube (Figs. 4.1, 4.6). Following 
this disruption, the bivalve’s ecological diversity remained almost unchanged (Figs., 4.1, 4.3). 
However, the shallow-burrowing, suspension feeding life habit become increasingly important 
during the Cenozoic, along with the overall increase in packing within each cube (Figs. 4.1, 4.6); 
this pattern remained almost unchanged during rest of the Phanerozoic. The ecological impact of 
mass extinctions, in this way, can be quantified based on the ecological severity on the pre-
extinction community apart from measuring extinction intensity by using taxonomic counts 
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(Droser et al., 1997). Because effect of extinction can vary in scale – ranging from extermination 
of local communities, replacement of a clade by another (bivalve-brachiopod scenario), or total 
extinction of an ecological cube (extinction of rudistids) – all extinctions cannot be treated 
separately, and apart from counting total number of cubes before and after extinction, information 
regarding within-cube taxonomic compositions (see Fig. 4.4) are also required. The fact that 
taxonomic and ecological diversity can decouple during extinction, a comprehensive comparison 
of taxonomic and ecological effect of extinction(s) is required to properly understand the cause 
and effect of extinction (Droser et al., 1997; McGhee et al., 2012); our future studies will be 
focused on these analyses.   
As a whole, for bivalves, the overall increase in the total number of occupied cubes along 
with increase in packing within the occupied cubes likely reflects potential relationships between 
radiation of metazoans within the marine realm and overall Phanerozoic-level changes in the 
biotic and abiotic conditions including changes in nutrient influx, biological nutrient recycling, 
predation pressure, competition, and oceanic stratification with many other factors (Thayer, 1979; 
Vermeij, 1987; Benton, 2009; Cardenas and Harries, 2010). More interestingly, these ecological 
changes can potentially be associated with the overall taxonomic composition of the ecosystem 
and can explain the mechanism controlling the ever-increasing diversity during the Phanerozoic. 
Detailed studies on clade-level ecological changes are required to answer these questions in the 
context of environmental components and are the focus of Chapter V.  
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Figures 
 
Figure 4.1. Color scheme showing occupancy of genera within different cubes during the 
Phanerozoic, and during three eras. The total numbers of occupied cubes in each interval are 
presented within brackets. Note an overall increase in both the realized cubes and generic packing 
within each occupied cube with time. 
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Figure 4.2. Color scheme showing occupancy of genera within different cubes during important time intervals of bivalve evolution during the 
Phanerozoic. The total numbers of occupied cubes in each interval are presented within brackets. For color scheme, see Figure 1.
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Figure 4.3. 100% stacked graph of relative dominance for Tiering, Feeding Habit and Motility. EE=erect epifaunal, SE=surficial epifaunal, 
Si=semi-infaunal, SBu=Shallow-burrower, DBu=Deep-burrower, SBo=shallow borer, DBo=deep borer, Ce=Cemented, By=byssally attached, 
Re=recliner, MoS=mobile slow, MoF=mobile fast, SuI=infaunal suspension feeder, De=deposit feeder, Ca=carnivore, Ot=Other, SuE=epifaunal 
suspension feeder.
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Figure 4.4. Number of realized cubes, presenting ecological diversity during the Phanerozoic. 
122 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5. First (EFAD) and last (ELAD) occurrences of ecological cubes are plotted. 
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Figure 4.6. Relative generic abundances of all cubes are shown here. For abbreviations of the 
cube names, see Table 4. For identity of the cubes, see Table 2 (Ot= all other cubes together). 
Horizontal dashed lines are the mass extinction (ME) boundaries. Pl=Pliocene, M=Miocene, 
Ol=Oligocene, E=Eocene, Pa=Paleocene, K=Cretaceous, J=Jurassic, T=Triassic, P=Permian, 
C=Carboniferous, D=Devonian, S=Silurian, O=Ordovician, Cm=Cambrian. 
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Tables 
Table 4.1. Different bivalve ecologic categories based on habitat, feeding mechanism, and motility level.  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Life Habits Codes Description Example 
T
ie
ri
n
g
 
T1: Erect Epifaunal EE extending into the water column rudistids 
T2: Surficial epifaunal (including nestler) SE living on and in contact to the sediment ostreids 
T3: Semi-infaunal SI partly exposed to the soft sediment-water column pinnids 
T4: Shallow-infaunal burrowing SBu < 0 5cm below soft sediment mactrids 
T5: Deep -infaunal burrowing DBu > 0 5cm below soft sediment solemyids 
T6: Shallow-infaunal borer SBo near the surface of the hard substrate gastrochaenids 
T7: Deep-infaunal borer DBo deep into the hard substrate pholads 
F
ee
d
in
g
 
 
F1: Suspension (filter-feeding) SF gather food particles from water mactrids 
F2: Deposit feeding (mining and surficial) DF gather loose particles from sediment nuculanids 
F3: Predatory (carnivore) C attacking prey capable of resistance propeamussiids 
F4: Other O 
parasite, photo/chemosymbiotic/ 
wood digesting, etc. 
vesicomyids 
M
o
ti
li
ty
 
M1: Cemented Ce attached by cement, or calcified byssus ostreids 
M2: Attached facultative motile (byssus) By move when necessary, otherwise attached mytilids 
M3: Reclining Re non-burrowing, free-lying gryphaeids 
M4: Fully motile slow (burrower) MoS 
move but maintain contact with substrate, 
 infaunalization achieved by foot or byssus 
mactrids 
M5: Fully motile fast MoF Facultative swimming forms pectinids 
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Table 4.2. List of all 44 realized cubes with their Phanerozoic generic abundances are provided. 
 
Cube  
# 
Cube  
Codes 
Cube Names 
# of  
Genera 
Examples 
1 T4F1M4 shallow-infaunal- suspension feeding-burrower 936 Chione, Trigonia 
2 T2F1M2 surficial epifaunal- suspension feeding-facultative mobile (byssus) 563 Virmysella, Arca 
3 T3F1M2 semi-infaunal- suspension feeding- facultative mobile (byssus) 340 Gervillia, Pinna 
4 T5F1M4 deep-infaunal- suspension feeding-burrower 321 Solecurtus, Solen 
5 T4F2M4 shallow-infaunal- deposit feeding-burrower 239 Tellina, Yoldia 
6 T3F1M4 semi-infaunal- suspension feeding-burrower 222 Limopsis, Parallelodon 
7 T1F1M1 erect epifaunal- suspension feeding-cemented 155 Lithiotis, Rutonia 
8 T2F1M1 surficial epifaunal-suspension feeding-cemented 129 Anomia, Exogyra 
9 T2F1M3 surficial epifaunal- suspension feeding-reclining 128 Gryphaea, Monotis 
10 T4F1M2 shallow-infaunal- suspension feeding- facultative mobile (byssus) 118 Cardita, Modiolus 
11 
T5F2M4 deep-infaunal-deposit feeding-burrower 105 
Solemya, Janeia 
12 T5F4M4 deep-infaunal-other-burrower 86 Lucina, Gigantocyclus 
13 T3F1M3 semi-infaunal- suspension feeding-recliner 57 Cassianella, Megalodon 
14 T4F4M4 shallow-infaunal-other-burrower 56 Schafhaeutlia, Sphaeriola 
15 T6F1M3 shallow borer- suspension feeding-recliner 41 Jouannetia, Particoma 
16 T2F4M3 surficial epifaunal-other-recliner 37 Pterocardia, Megalomus 
17 T3F4M3 semi-infaunal-other-recliner 27 Cumularia, Pinzonella 
18 
T6F1M2 shallow borer- suspension feeding- facultative mobile (byssus) 27 
Gastrochaena, Spengleria 
19 T2F1M5 surficial epifaunal- suspension feeding-swimming 19 Bositra, Amusium 
20 T7F1M3 deep borer- suspension feeding-recliner 14 Hiatella, Bankia 
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Table 4.2 (continued) 
 
21 T4F3M4 shallow-infaunal-predatory-burrower 13 Cardiomya, Halonympha 
22 T2F3M2 surficial epifaunal-predatory- facultative mobile (byssus) 9 Parvamussium 
23 T6F1M1 shallow borer- suspension feeding-cemented 9 Humphreyia 
24 T3F2M2 semi-infaunal- deposit feeding- facultative mobile (byssus) 8 Mesoneilo 
25 T3F2M4 semi-infaunal- deposit feeding-burrower 8 Isoarca 
26 T4F3M2 shallow-infaunal-predatory- facultative mobile (byssus) 7 Cuspidaria 
27 T3F3M4 semi-infaunal-predatory-burrower 6 Poromya 
28 T3F4M4 semi-infaunal-other-burrower 6 Dystactella 
29 
T3F1M1 semi-infaunal- suspension feeding-cemented 5 
Birostrina 
30 
T3F4M2 semi-infaunal-other- facultative mobile (byssus) 4 
Trichites 
31 T2F4M2 surficial epifaunal-other- facultative mobile (byssus) 3 Kellia 
32 T2F3M5 surficial epifaunal-predatory-swimming 2 Propeamussium 
33 T2F4M5 surficial epifaunal-other-swimmer 2 Daonella, Halobia 
34 T4F2M2 shallow-infaunal- deposit feeding- facultative mobile (byssus) 2 Sthenodonta 
35 
T5F1M2 deep-infaunal- suspension feeding- facultative mobile (byssus) 2 Caryocorbula 
36 T5F3M4 deep-infaunal-predatory-burrower 2 Procardia 
37 T6F4M3 shallow borer-other-reclining 2 Xylophagella 
38 T1F4M1 erect epifaunal-other-cemented 1 Lithiotis 
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Table 4.2 (continued) 
 
39 
T2F2M3 surficial epifaunal- deposit feeding-reclining 1 
Tindaria 
40 T4F1M3 shallow-infaunal- suspension feeding-recliner 1 Vulsella 
41 T5F1M5 deep-infaunal- suspension feeding-swimmer 1 Ensis 
42 T5F2M5 deep-burrowing- deposit feeding-swimmer 1 Solemya 
43 T5F4M5 deep-infaunal-other-swimmer 1 Solemya 
44 T7F1M2 deep borer- suspension feeding- facultative mobile (byssus) 1 Lithophaga 
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Table 4.3. Generic abundances of different tiering, motility, and feeding habits are listed for all time intervals. For abbreviations see Table 1. 
EE=erect epifaunal, SE=surficial epifaunal, Si=semi-infaunal, SBu=Shallow-burrower, DBu=Deep-burrower, SBo=shallow borer, DBo=deep 
borer, Ce=Cemented, By=byssally attached, Re=recliner, MoS=mobile slow, MoF=mobile fast, SuI=infaunal suspension feeder, De=deposit 
feeder, Ca=carnivore, Ot=Other, SuE=epifaunal suspension feeder. 
 
 
 
Geologic 
Ages 
Tiering Feeding Motility 
EE SE SI SBu DBu SBo DBo SF DF C O Ce By Re MoS MoF 
Neogene 0 332 85 508 198 50 10 1033 194 19 104 59 367 35 793 12 
Paleogene 0 275 75 426 193 37 10 898 151 22 100 61 304 38 701 9 
Cretaceous 146 240 107 334 138 30 8 916 76 13 63 224 228 63 516 14 
Jurassic 18 194 85 184 67 8 5 514 32 5 43 54 197 149 291 16 
Triassic 1 183 76 104 32 3 2 311 28 4 36 24 160 47 175 16 
Permian 1 127 77 87 39 2 1 299 27 1 13 15 159 14 166 13 
Carboniferous 0 70 55 53 23 0 1 181 23 1 5 5 115 6 111 10 
Devonian 0 49 70 64 14 0 0 174 30 0 9 0 108 18 118 3 
Silurian 0 45 82 47 12 0 0 148 30 0 7 0 106 19 108 1 
Ordovician 0 32 72 55 11 0 0 137 32 0 4 0 98 4 125 0 
Cambrian 0 3 6 6 1 0 0 13 4 0 0 0 4 3 13 0 
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CHAPTER V: A MULTILEVEL MIXED MODEL OF THE PHANEROZOIC 
TAXONOMIC AND ECOLOGICAL DIVERSITY DYNAMICS 
 OF THE CLASS BIVALVIA 
 
 
Abstract 
The Phanerozoic history of bivalve evolution has three major phases: 1) the Ordovician 
radiation, when many orders and life habits appeared very rapidly; 2) the Mesozoic 
diversification, when many new families and couple of new life habits originated; and 3) the 
Cenozoic rise, when genus-level richness showed a dramatic increase coupled with appearance of 
only a few new life habits. During these three phases of taxonomic and ecologic diversification, 
both the abiotic and biotic components of the Earth system likely exerted a substantial effect on 
bivalve taxonomic and ecologic evolution by creating opportunities for biological innovation, 
radiation, and diversification in such a way that the clade become one of the most abundant 
marine components of the shallow-shelf environment with ranges down to abyssal depths. In the 
present study, I propose a multilevel mixed model to explain the temporal synchronicity between 
the taxonomic and ecological diversification history of the clade in the context of biotic-abiotic 
agents involved, and propose that all components of the clade’s evolution – biological 
innovations, taxonomic-ecologic diversifications, and biotic-abiotic agents – should be studied in 
tandem when attempting to determine large-scale patterns of diversification. 
 
Phanerozoic Diversification: Process and Pattern  
Taxonomic and ecologic diversity along with increased interaction between the biotic and 
abiotic components of various ecosystems have increased throughout the Phanerozoic (Valentine, 
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1969a; Thayer, 1983; Sepkoski, 1984; Ausich and Bottjer, 1985; Vermeij, 1987; Benton, 2001; 
Alroy, 2008; Bambach et al., 2007; Bush et al., 2007). However, there are two theoretically 
contrasting hypotheses available to explain this large-scale pattern of diversification: the Red 
Queen model suggests the dominance of biotic interactions involving competition for resources 
(Van Valen, 1973), whereas the Court Jester model considers abiotic factors (primarily 
components such as temperature, climate, and plate tectonics) as the major driving forces 
(Barnosky, 2001). The operational levels of these models differ in their spatio-temporal scales. 
The Red Queen model prevails at a local scale ranging from an ecological time scale up to the 
100 ky of Milankovitch scale, the Court Jester model operates at a broader geographic scale (i.e., 
from average species range to the entire global ecosystem) over longer time intervals (i.e., from 
species average life span of 1-2 Ma to average genus life span of 3-6 Ma (Benton, 2009). 
Moreover, the relative effectiveness of these agents varied at different times (Benton, 2009). In 
terms of diversification patterns, two prevalent models have been proposed: 1) a density-
dependent, saturation or equilibrium model which implicitly considers diversity limits or 
saturation related to competitive interactions (Sepkoski, 1984; Alroy et al., 2008); and 2) an 
expansion model which is predicated upon ever-increasing richness simultaneously constrained 
by biotic and abiotic controls (Benton, 1995; Benton, 1995; Stanley, 2007). Support for both of 
these models is present and the need for a mixed model – a combination of elements of both of 
these models – is required. This mixed model should consider, as suggested by Benton (2009), 
clade-specific evidence of increases in both taxonomic and ecological diversity, and study these 
two components within the context of the biotic and abiotic controls considered under the Red 
Queen and Court Jester models, respectively. 
A simple way of explaining the overall Phanerozoic increase in both ecologic and 
taxonomic diversity is the initial occupancy or colonization of novel ecospaces followed by 
partitioning of those niches (Valentine, 1969 a, b). However, this niche concept itself involves 
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competitive interaction for resources and, given this emphasis on biotic components, implicitly 
favors the Red Queen model. Therefore, given its inherent biases, a more balanced approach to 
examining these influences should be based on a generalized conceptualization and the use of 
‘Bambachian cubes’ (Bambach et al., 2007). This approach is based upon reconstructing 
organisms’ ecological and environmental adaptations and uses that information to then group 
organisms or different groups of organisms into specific environmental hyperspace(s) where 
organisms generally share at least some of the same resources. In this way, the study of clade-
specific taxonomic and ecologic diversity (as reconstructed by cube occupancy) inherently 
incorporates both biotic and abiotic factors (i.e., resources). In fact, there are numerous studies 
which have used the analysis of biotic or abiotic forcing mechanisms along with the taxonomic 
and/or ecologic data to better understand a range of diversification patterns spanning different 
times and a spectrum of groups (Signor and Brett, 1984; Vermeij, 1987; Madin et al., 2006; 
Aberhan et al., 2006; Cardenas and Harries, 2010; Hannisdal and Peters, 2011). However, it is 
still an open question as to how taxonomic and ecological diversity components change with 
respect to other, and whether there is any causal connection between them. 
To test the nature of the relationship between taxonomic and ecological diversity, along 
with biotic and abiotic context involved in these diversity changes, we have used a generic 
compendium of the Class Bivalvia – a spatially and temporally diverse and abundant clade with a 
rich fossil record that spans the entire Phanerozoic (Hallam and Miller, 1988). In addition, 
bivalves show high variability in morphology, which have allowed them to develop adaptations 
that encompass a range of life habits within various habitats ranging from shallow-shelf to deep-
sea environments (see Stanley, 1968, 1975). Considerable data concerning the relationships 
between bivalve morphology and many aspects of their life habits have been collected, so that 
these inferences can be readily utilized for many fossil representatives of the clade (Stanley, 
1968, 1975). Moreover, biotically induced selection pressure (i.e., competition and predation) on 
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this group is well documented and is thought to have exerted a significant impact on their 
diversification history (Chapter I, II; Stanley, 1969; Vermeij, 1977, 1987; Harper, 1991; Aberhan 
et al., 2006; Mondal and Harries, 2013). More interestingly, the two major phases of 
diversification of bivalves, which occurred in the Ordovician and in the early Mesozoic (Miller, 
1988; Hallam and Miller, 1988), appear to display similar trends characterized by two distinct 
phases: an initial phase of appearance of higher taxa (e.g., new orders or families), followed by 
diversification of lower-level taxa (e.g., genera; Stanley, 1968; Fang, 2006; Ros et al., 2012). 
Synchronous with this taxonomic change, many morphological adaptations and significant 
ecological changes have also been recorded for this group (Stanley, 1968; Fang, 2006). The 
present study, therefore, proposes a multi-level mixed model for the class Bivalvia and tests the 
following assumptions: (1) rapid increases in higher-order taxonomic and the ecologic diversity 
were synchronous; (2) increases in ecologic innovation, as identified by novel ecospace 
utilization, were significant during these diversification events; (3) both biotic and abiotic factors 
in conjunction with each other played significant roles in triggering the clade’s diversification of 
the clade; and (4) different patterns of taxonomic and ecological diversification prevailed at 
different time intervals (see below). 
 
Correlated Taxonomic and Ecological Diversity 
Although there are several types of inherent geological and collection-based biases which 
can potentially alter the overall Phanerozoic richness of a clade (see Chapter III; Raup, 1972, 
1979; Allison and Briggs, 1993; Adrain and Westrop, 2000; Smith et al., 2001; Smith, 2001; 
Alroy et al., 2001, 2008; Wagner et al., 2007; Dunhill et al., 2012;), it has been argued that 
paleontologists have done an excellent job in collecting numerous samples that are sufficiently 
robust to document Phanerozoic changes in biodiversity (Foote and Sepkoski 1999; Crampton et 
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al. 2006; Benton 1998; Paul 1998; Benton et al. 2000). There are many reasons that suggest that 
the biases affecting the overall history of marine bivalves are minimal (Chapter III). This is 
probably the reason that the details of the overall diversity patterns documented in all previous 
studies show relatively consistency to each other irrespective of the method and data used 
(Chapters III, IV; Stanley, 1968, Hallam and Miller, 1988; Miller, 1990 a, b; Nevesskaya, 2008; 
Harnik and Lockwood, 2011).   
The present study starts with the compilation of a newly updated, taxonomic database for 
bivalves by combining the Paleobiology Database (www.paleobiodb.org) and the Sepkoski 
Compendium (Sepkoski, 2002) and correcting for several types of taxonomy-related errors (for 
the details, see Chapter III). Following this update of the list of genera, their higher-level 
taxonomic affinities (e.g., family, and order) were compiled (Chapter III). After that, three major 
ecological factors were evaluated including: 1) locomotion, which is related to food acquisition; 
2) food acquisition; and 3) tiering, which represents the vertical subdivision of potential inhabited 
ecospace. This approach was applied to all of identified bivalve genera and they were grouped 
into 140 possible theoretical ‘ecospaces’ (Chapter IV); the same procedure has been performed 
on bivalves families and orders to place them into their respective cubes.  
Finally, the total number of taxa (e.g., calculated for genera, families, and orders), and the 
total number of ecospaces (i.e., cubes) occupied by bivalves at each geological stage have been 
compiled to construct the Phanerozoic taxonomic and ecological richness curves (Fig. 5.1; 
Chapter III, IV). Correlation between the total number of cubes and the total number of taxa have 
been undertaken at different taxonomic levels (i.e., genus, family, and ordinal levels) at the stage 
level following the Geological Society of America Geological Time Scale (v. 4.0). In addition, a 
literature survey of bivalves’ adaptive innovations in association with Phanerozoic abiotic 
changes (plate tectonics, provinciality, substrate change, etc.) was also compiled to develop a 
multilevel mixed model for the diversification history of this clade. Because the study involves 
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finding correlation between two time series, we have log-transformed our raw data, and then used 
the standard first order difference to study the strength of the Pearson product-moment correlation 
coefficient (ρ) with α = 0.05 between the two time series.  
A cross correlation between the raw number of occupied cubes and the total number of 
raw taxonomic orders displays a very strong and significant positive correlation (ρ = 0.96, p < 
0.01; Table 5.1 and Fig. 5.2). Even after removing the potential for autocorrelations through the 
log-transformation of the data, the strong correlation is retained (ρ = 0.58, p < 0.01; Table 5.1 and 
Fig. 5.2). The overall strength of correlation remained identical when a subset consisting of all the 
Paleozoic data was analyzed (ρ = 0.58, p < 0.01). However, during the Mesozoic, the strength of 
the correlation weakens and is associated with a barely statistically insignificant p value (ρ = 
0.34, p = 0.07), although a positive correlation still is present (Table 5.1; Fig. 5.2). During the 
Cenozoic, a negative statistically insignificant correlation is observed (ρ = -0.20, p = 0.45) (Table 
5.1; Fig. 5.2). When the same analyses were performed at the generic- and family-level, 
statistically significant positive correlation was still present during the Paleozoic, but no such 
correlation was seen after that (Table 5.1). These results imply that the overall pattern of 
interaction between the ecological and taxonomic diversification was best seen at the order-level 
and varied across different geological eras.  
 
The Multilevel Mixed Model 
There are two broad types of potential natural factors identified as the primary forcing 
agents of changes in biodiversity; one is biotic interactions within and among different groups of 
organisms (Fig. 3; Van Valen, 1973; Vermeij, 1977, 1987, 2013) and the other one is the abiotic 
components of the ecosystem, mainly controlled by environmental variability (Fig. 4; Barnosky, 
2001). A range of explanations have been put forward related to this broad topic, a prevalent one 
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is the escalation hypothesis (sensu Vermeij, 1977, 1987), which explains how biotic interactions 
in the form of predation and competition can control overall faunal composition. This concept is 
comparable to Darwin’s (1859, p. 117-119) notion of a wedge that explains diversification of one 
clade causing extinction in another. This enemy-driven, competition-related hypothesis is 
predicated on the assumption that over the course of the Phanerozoic competition as a whole, 
including predation, has increased in ecosystems. The major support for this hypothesis are: 1) an 
overall increase in motility (Vermeij, 1987; Bambach 1993, 2002); 2) an increase in eyesight in 
different groups (Aberhan et al., 2012); 3) an increase in metabolic rates (Vermeij, 1987; Payne et 
al., 2014); 4) an overall increase in predation pressure and related antipredatory adaptations 
(Vermeij, 1977; 1987; Signor & Brett 1984; Huntley and Kowalewski, 2007); and 6) an increase 
in infaunalization in different clades (Chapter IV; Stanley, 1968; Lockwood 2004). In addition, 
another important biologic factor is an overall increase in bioturbation and biological bulldozing 
(Thayer, 1983).  
The other set of variables that likely exert controls on the overall pattern of Phanerozoic 
diversification are abiotic controls, mainly reconstructed through geochemical and geophysical 
proxies. The most important elements included are temperature, largely reconstructed using δ18O 
values of calcitic shells, and eustatic sea-level (Fig. 5.4); during the Phanerozoic, temperature has 
fluctuated (Veizer et al., 2000) accompanied by significant variability in eustatic sea level (Miller 
et al., 2005). This variation has resulted in the formation and/or destruction of biogeographic 
barriers, thereby increasing or decreasing provincialism, endemism, diversification, and the long-
term survival of clades (Hallam, 1977; Miller, 1997; Foote, 2014). Another important element is 
variation in primary productivity, controlling marine diversity, food-web complexity, and 
evolutionary opportunities (Martin, 1996; Martin et al., 2008; Vermeij, 1987; also see below).  
There are several isotopic proxies that can be effectively used to identify temporal 
variation in the aforementioned abiotic components during the Phanerozoic (Fig. 5.4). Oxygen 
isotopic values (i.e., δ18O) of marine organisms have been used to reconstruct paleotemperatures 
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and are often interpreted to reflect sea-surface temperature with positive excursion indicating 
times of low temperature (Sharp, 2007). Following the development and analytical advances in 
mass spectrometry, it was determined that δ18O can be used as a paleothermometer, although the 
method remained underdeveloped (see Emiliani, 1958, p. 2). To develop a useful 
paleothermometer, Urey and his group started to conduct several experiments to determine the 
empirical relationships between water temperature and the δ18O of the shell, and published the 
first paleothermometer equation (Epstein et al., 1953). This equation was applied to a range of 
fossil groups, including belemnites and planktic foraminifers (Urey et al., 1951; Craig, 1953, 
1965; Emiliani, 1954). Later, this isotopic proxy was applied to calcitic benthic Foraminifera 
from several Cenozoic time intervals and led to the identification of a temporal decline in deep-
sea temperatures, launching the field of paleoceanography (Emiliani, 1954, 1961). Since then, a 
plethora of studies devoted to a broad taxonomic range of groups have been published on the 
utility of this isotopic proxy as a potential tool for paleothermometry (see summary in Wefer and 
Berger, 1991). However, it should be noted that as with most proxies, rarely are the results 
completely unequivocal. In the case of δ18O, it is influenced by a mixture of both the isotopic 
composition of the water (δw) and water temperature (Shackleton, 1967, 1974; Dansgaard and 
Tauber, 1969; Zachos et al., 1994). The relative impact of δw largely depends upon the amount of 
ice volume present in the higher latitudes (Bice et al., 2000; Schrag et al., 2002; Huber et al., 
2003; Herbert et al., 2010). When this effect can be compensated for, the proxy can be used as an 
effective paleothermometer for both short- and long-term studies (Emiliani, 1966; Tarutani et al., 
1969; Emiliani et al., 1978; Flower, 1999; Veizer et al., 1999, 2000; Zachos et al., 2001; Price et 
al., 2003; and many more). 
Variation in strontium isotopes (
87
Sr/
86
Sr values) has also been used extensively as a 
proxy reflecting the rate of continental weathering and seafloor alteration at mid-ocean ridges, 
with high values indicative of high rates of continental weathering and, therefore, high nutrient 
supply, and decreased mantle flux associated with seafloor alteration (Sharp, 2007). After the 
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initial publication of several Phanerozoic sea-water 
87
Sr/
86
Sr curves (Peterman et al., 1970; Veizer 
and Compston, 1974; Burke et al., 1982), Tardy et al. (1989) argued that this ratio can be 
effectively used as a proxy for continental runoff. Later this ratio was convincingly shown to be 
an indicator of increased plate-tectonic activity, predominantly a reflection of orogenic activity 
and continental runoff to the ocean (Raymo et al., 1988; Raymo, 1994). Finally, the 
87
Sr/
86
Sr 
curve constructed for the Phanerozoic (Veizer et al., 1999) has been used to document long-term 
changes in marine primary productivity, biomass, and diversity in response to changes in 
continental weathering and nutrient (Martin, 1996; Martin et al., 2008; Cardenas and Harries, 
2010; Peters and Gaines, 2012). 
Sulfur isotopic (δ34S) variability is another proxy that has been used to reconstruct 
nutrient supply. It reflects the global burial of sulfates (formed in oxidative conditions) and 
sulfides (formed in reducing conditions), and is intimately linked to the carbon cycle (Sharp, 
2007). Whereas high values of δ34S indicate periods of high bacterial sulfate reduction related to 
abundant organic food supply in shallow-marine settings, negative excursions indicate periods of 
increased tectonics (e.g., orogeny) when marine shales (weather pyrite) are weathered (Thode et 
al., 1951; Claypool et al., 1980; Sharp, 2007). By using this isotopic proxy, both in short- and 
long-term studies, temporal fluctuations in δ34S values can be used to identify phases of high 
organic activity and pronounced recycling of nutrients from the sea floor (positive excursion) or 
periods of intense weathering of shales (negative excursion) in relation to orogenic activity 
(Holser and Kaplan, 1966; Claypool et al., 1980; Holser et al., 1988; Paytan et al., 2004; 
Kampschulte and Strauss, 2004; also see, Sharp, 2007).  
Carbon isotopes (δ13C) represent another important paleoenvironmental proxy that was 
initially promoted by Keith and Weber (1964) and Weber et al., (1965), and then modified in later 
studies (Scholle and Arthur, 1980). In general, variation in δ13C is related to activities involving 
erosion/deposition of organic-rich sediments and/or change in marine primary productivity, 
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which can be used in both the short- and long-term studies (Zachos et al., 1989; Kump, 1991; 
Verizer et al., 1999; Des Marais, 2001).  
The aforementioned proxies are interrelated and can be used together to evaluate 
potential controls on biotic patterns and trends. For example, 
87
Sr/
86
Sr and δ34S can be used in 
tandem with positive excursions in δ13C indicators of increased primary productivity combined 
with reduced oxygenation at the seafloor resulting in carbon-rich rocks (Sharp, 2007). Variation 
in temperature, nutrient input, and global sea level have the potential to significantly impact the 
global biota in terms of controlling taxonomic and ecological origination as well as 
diversification (Vermeij, 1995; Cardenas and Harries, 2010; Peters and Gaines, 2012). For 
example, relatively high, but not excessive to the point of eutrophication, nutrient supply will 
promote high primary productivity within the water column which in turn promotes high 
diversity, high food-web complexity, and increased evolutionary opportunities (Vermeij, 1995; 
Martin, 1996; Martin et al., 2008; but see Hallock, 1987). In addition, an increased latitudinal 
temperature gradient, especially when tied to the accumulation of polar ice sheets which, in turn, 
is dependent on the presence of continental mass at high latitudes, promotes diversification and 
origination by allows high-latitude biomes and increasing water-column stratification (Valentine, 
1968; Barron et al., 1980; Schmidt et al., 2004).  
The overall reconstructions of bivalve taxonomic and ecological diversity show a 
‘progressive’ rise throughout the Phanerozoic, with major phases of diversification during the 
Ordovician, early Mesozoic, and early Cenozoic without a significant impact of mass extinctions 
(Chapters III, IV; Stanley, 1968, 1977; Miller, 1988; Hallam and Miller, 1988; Harnik and 
Lockwood, 2011). The key features of these radiations were: 1) occupancy of previously 
unexploited ecological, environmental, and biogeographic conditions occurring during the 
Cambro-Ordovician and Mesozoic, which resulted in the appearance of higher taxonomic and 
ecological groups related to various adaptations (Gavrilets and Losos, 2009); and 2) an increase 
in bivalve ecological dominance over previously dominant groups within specific ecospaces 
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(which in the case of bivalves is primarily reflected in their replacement of brachiopods) during 
the late Paleozoic and Mesozoic (Payne et al., 2014). All of these diversification phases are 
generally associated with the appearance of at least one or more key morphological innovations 
that allowed the clade to expand its environmental breadth affording opportunities for 
diversification (Fig. 5.3); these phases will be discussed in detail below.  
Ordovician Radiation and major biotic-abiotic controls: One of the most important 
phases of bivalve’s evolutionary history was the Ordovician radiation when the clade displayed 
an increase in both its taxonomic and ecological richness (Chapters III and IV). The most 
important feature of taxonomic change was seen at higher levels, when approximately five 
subclasses (~70% of all subclasses in the clade), 15 new orders (~50% of the total), and 40 new 
families (~15% of the total) appeared without significant extinctions (Fig. 5.1; Figs. 3.5-6 in 
Chapter III). However, genera-level richness did not show a similar evolutionary burst with an 
increase from ~15 genera in the Late Cambrian to only ~100 genera (~3% of the total number of 
genera) by the end of the Ordovician, (Fig. 5.1). In terms of ecological change, as many as 10 
new ecological cubes (~23% of all the realized cubes) – showing new feeding strategies as well 
as the addition of new motility and tiering types – were occupied for the first time in the clade’s 
history during the Ordovician radiation, suggesting a rapid increase in the initial colonization of 
new cube ecospaces (Fig. 5.1; Figs. 4.4, 4.6 in Chapter IV). This synchronous increase of higher-
order taxonomic and ecological richness during this relatively early phase of the clade’s evolution 
can be related to a spectrum of biotic and abiotic changes which occurred during the Ordovician. 
One of the most important abiotic changes was an overall increase in continental weathering as 
well as an increase in ocean spreading rates and widespread volcanism in association with the 
closure of the Iapetus Ocean (Stillman, 1984; Hain and Seslavinskii, 1991; Shields et al., 2003; 
Shields and Veizer, 2004; Barnes, 2004). These changes are reflected by higher Ordovician 
values of 
87
Sr/
86
Sr and δ34S as compared to the rest of the Phanerozoic (Fig. 5.1; Veizer et al., 
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1999). In turn, this increased orogenic activity during the Ordovician influenced bivalve 
diversification in many ways: by modifying the substrate, by supplying food, and by changing 
oceanographic conditions (see below).  
Further controls on this diversification may be tied to substrate changes when compared 
to conditions which existed in the Early Cambrian. During this interval an important physical 
change occurred in that there was a transition from microbial-mat-dominated substrates typical of 
the Late Proterozoic (see Seilacher, 1999) to softer mix-ground sediments, mainly due to the 
diversification of bioturbators (Runnegar 1982; Bambach 1983; Thayer, 1983; Droser at al. 
1994). Although the sediments became more enriched with nutrients through the addition of 
organic matter as a result of this bioturbation, these more thixotropic, carbonate-rich substrates 
caused the Cambrian ‘archetype’, epifaunal bivalves to sink into the sediment, triggering an 
initial extinction in the clade (Fang, 2006). However, because of the increased weathering and 
erosion during the Ordovician, many shallow-shelf areas become inundated with siliciclastic 
sediments (Miller and Mao, 1995). In these stiffer siliciclastic settings, bivalves quickly adapted 
to the previously unexplored infaunal life habits as reflected in the first appearance of eight semi- 
and shallow-burrowing, and even a limited number of deep infaunal forms during the Late 
Cambrian and Ordovician (Table 4.3 and Fig. 4.2 in Chapter IV). In fact, Cope and Babin (1999; 
and references therein) and Cope (2002) have shown that the Ordovician radiation of bivalves 
initiated in peri-Gondwana shallow, clastic settings where they became very diverse. In addition, 
the increased terrigenous supply might have been associated with an increase in primary 
productivity. This hypothesized increase in food supply may have aided the bivalves in increasing 
their taxonomic abundances within occupied niches (Bambach, 1993). Six out of eight occupied 
cubes displayed an increase in taxonomic richness (from an average of five genera/cube in the 
Cambrian to an average of 30 genera/cube in the Ordovician) from the Cambrian to the 
Ordovician (Fig. 4.2 in Chapter IV). 
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This phase of infaunalization into soft substrates required three important evolutionary 
innovations absent from Cambrian bivalves. First, the development of burrowing necessitated the 
evolution of a muscular foot, true adductor muscles, and siphons (Stanley, 1975b, 1977; Geyer 
and Streng, 1998). Second, a better valve opening-and-closing system for the purpose of feeding 
and expelling pseudofaeces through the appearance of palaeoheterodont and schizodont dentition 
provided a greater degree of shell opening along with full articulation of the valves. Third, 
adaptive improvement in the feeding gills occurred through the appearance of eulamellibranch 
and filibranch gills. This innovation allowed for much greater efficiency in feeding as compared 
to pedal-palyp feeding in Cambrian ‘archetype’ bivalves. The appearances of eulamellibranch and 
filibranch gills have been identified from phylogenetic analysis along with comparisons with 
extant life forms, and it allowed the bivalves to take advantage of increased food supply to 
increase metabolism (Stanley, 1968; Tevesz and McCall 1976; Fang, 2006; see also Cope and 
Babin, 1999). Given the vacant ecospace, these adaptations resulted in the evolution of four semi- 
and shallow-burrowing and two deep-burrowing life habits during the Ordovician, along with an 
approximately 10-fold increase in order- and family-level richness (Table 4.3, Fig. 4.6 in Chapter 
IV). 
In addition to this radiation into new infaunal niches, bivalves also became abundant on 
the sediment-water interface when two new epifaunal life habits were expressed for the first time 
(Table 4.3 in Chapter IV). However, because the substrate was soft in numerous settings, 
especially in those dominated by carbonate-rich sediments, there was a high probability of 
sinking into the substrate. Addition of spatially widespread sponge-bearing reef mounds offered 
bivalves hard substrates (Webby et al., 2004). Under this condition of hard substrate availability, 
two innovations – neotenous retention of byssus in different groups along with appearance of 
dysodont dentition – helped bivalves attach themselves to hard substrates above or partly above 
the sediment-water interface and remain epifaunal (Fig. 5.3; Yonge, 1962; Stanley, 1972). As a 
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consequence, bysally attached forms became taxonomically abundant from only four genera in 
the Cambrian to as many as 98 genera in the Ordovician (Table 4.3 in Chapter IV). 
There remain certain elements that are difficult to explain based on the above-mentioned 
biotic and abiotic causal factors. For example, increased nutrient supply and increased sediment 
mixing into the sediment by bioturbation likely influenced productivity near the base of food 
webs assisting suspension feeding through an increase in food and also deposit feeding by 
introducing increased organic matter into the substrate (Fig. 4.5 in Chapter IV), but the reason(s) 
that symbiotic feeding strategies in infaunal bivalves also appeared during this time remain 
unclear. Whereas suspension feeders became both taxonomically more diverse (13 and 137 
genera during the Cambrian and Ordovician, respectively; Table 4.3 in Chapter IV) and 
ecologically varied (four as compared to eight cubes in the Cambrian and Ordovician, 
respectively; Fig. 2 in Chapter IV), deposit feeding and other symbiotic life strategies mostly 
remained rare from both taxonomic (from 4 genera in Cambrian to 36 genera in the Ordovician) 
and ecologic perspectives (Table 4.3, Fig. 4.2 in Chapter IV). This case of invasion into new 
ecospaces can be explained by the ‘empty ecospace hypothesis’ (see Erwin, 1994) since bivalves 
were the first shelly burrowers; the other groups inhabiting these ecospaces were primarily worms 
(Babin 1995, 2000). Another aspect is that although the greenhouse climate (see Fig. 5.3) 
represents a favorable setting for carbonate precipitation, no cementing life habit appeared during 
this time (Fig. 5.3).  Because cementation is a derived habit that requires an epifaunal life habit 
coupled with the presence of byssus in ancestral groups (Yonge, 1979), it might explain why 
cementation was delayed relative to the development of epifaunal byssate life habits (Fig. 5.1).  
Overall, it appears that under the influence of several biotic and abiotic factors mentioned 
above, the Ordovician ecological radiation was synchronous with the taxonomic radiation of the 
clade when the richness in higher taxa (orders and families) expanded rapidly during a relatively 
short interval (Table 4.1, Fig. 4.2; Chapter III, IV). The correlation between these two diversity 
components is very strong, suggesting a coupled process (Fig. 5.2); the strength of this correlation 
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was highest during the Paleozoic as compared with either the Meso- or Cenozoic. Interestingly, 
the rate of appearance of lower taxa (here represented by genera) was low during this radiation. 
However, when the higher taxa richness began to stabilize during the late Paleozoic, genera-level 
richness displayed a trend of steady increase (Fig. 5.1; Chapter III). This pattern of low genus 
richness at the early stage of adaptive radiation was also common for other groups, which were 
later replaced by high genus:higher taxa richness (Fig. 5.1; Stanley, 1979; Foote, 1992; Webby et 
al., 2004).  
Mesozoic Diversification and major biotic-abiotic controls: Unlike the Paleozoic – when 
diversification of higher taxa was largely concentrated during the early part of the era – the 
Mesozoic diversification continued throughout the entire interval. In terms of taxonomic richness, 
the basic pattern also had a major difference; whereas during the Ordovician, both new orders (n 
= 8) and families appeared rapidly during an interval of approximately 41 Ma, during the 
Mesozoic (a span of 186 Ma), only a relatively limited number of new orders evolved (n = 5; Fig. 
3.5 in Chapter III). The increase in the number of families is somewhat more pronounced, but still 
subdued as compared to the Ordovician radiation. In comparison to higher taxa, the total number 
of first appearances of genera was low during both intervals (Fig. 3.5C in Chapter III). Although 
the total number of first appearances of cubes (occupancy into new cubes) during the Mesozoic 
was greater than that of Ordovician – 12 versus 10, respectively – the rate of first appearances per 
unit time was four times greater in the Ordovician (0.24 and 0.06 cubes/Ma, respectively, for the 
Ordovician and the Mesozoic). This high Ordovician rate was also substantially higher than that 
of the Paleozoic (0.10 cubes/Ma) and the Cenozoic (0.05 cubes/ma). Therefore, during the 
Ordovician, both the ecological and higher order taxonomic diversification occurred at a very 
high rate of first appearances of orders = 0.37 orders/Ma), contributing to the strong taxonomic-
ecological correlation at the ordinal level for the entire Paleozoic. During the Mesozoic, both of 
these rates decreased (rate of first appearances of cubes and orders are 0.06 cubes/Ma and 0.03 
orders/Ma, respectively). However, the timing of the FADs of cubes and orders differ. During the 
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Triassic and Cretaceous, the number of cube FADs was relatively high (three and four, 
respectively), but order FADs were low (only one in both cases), whereas during the Jurassic, the 
number of cube FADs was low (n = 1), whereas the number of order FADs was comparatively 
high (n = 3) (compare Figs. 3.5 and 4.5 in Chapter III and Chapter IV). Because of the 
dissimilarity in timing between the FADs of orders and cubes in the Mesozoic, the correlation 
between the ecological and taxonomic order-level richness became statistically insignificant in 
the Mesozoic, as compared to the strong correlation seen in the Paleozoic (Table 5.1). For the 
same reason, the family-level correlation also became statistically insignificant in the Mesozoic 
(Table 5.1). However, this initial radiation of higher taxa early in the history of a group’s 
diversification is very common across different clades, when they quickly diversified into 
different ecological niches (see below). In comparison, cube versus genus correlation became 
insignificant in the Mesozoic due to the low rate of cube first appearances (Table 5.1). Because 
the Mesozoic phase of taxonomic and ecological diversification occurred throughout the entire 
era, as compared to only one geologic period (i.e., the Ordovician), this phase of bivalve 
evolution is termed an adaptive diversification, rather than a radiation. 
Similar to the Ordovician, several abiotic and biotic conditions during the Mesozoic 
likely influenced bivalves during this phase of diversification. First, greenhouse conditions during 
the Mesozoic were pervasive (Price et al., 2013). Variation in δ18O during this era showed a 
variation between approximately -4 to -2‰ suggesting that the Mesozoic was warm throughout 
(Fig. 5.4; Price et al., 2013). As a consequence, mid-latitudes and polar regions experienced 
temperate conditions characterized by the lack of permanent ice at the poles (Hallam, 1985 and 
references therein). This overall warmth was mirrored in eustatic sea-level curve, which also 
displays a gradual increase that initiated in the early Mesozoic and peaked in the mid-Cretaceous 
(Fig. 5.4). In addition, the supercontinent Pangaea commenced its break up, increasing the flux of 
Sr from mantle sources into the marine reservoir (note the low 
87
Sr/
86
Sr ratio). The relative lack of 
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orogenic activity that accompanied the rifting of a supercontinent with relatively few margins 
characterized by continent-continent collisions can also be identified by an overall decrease in 
87
Sr/
86
Sr, indicating a potential reduction in nutrient supply during this era, further supported by 
δ34S values, (Fig. 5.4). However, the presence of Mesozoic black-shale deposits suggests at least 
intermittent intervals of increased carbon burial, which could have been the result of not only of 
abundant nutrients, but also indicative of hypoxic to anoxic conditions, the physiography of 
oceanic basins (open versus epicontinental), and sedimentation patterns (Fig. 5.4; Arthur and 
Sageman, 1994). Although nutrients were fluctuating, climate was generally ‘equable’. Under this 
set of conditions, the total number of biogeographic provinces was reduced (compare Kauffman 
[1973] with Valentine [1967]) and the climatic belts associated with warmer conditions extended 
poleward whereas the cooler climatic zones were much reduced. Under this shallow thermal 
gradient, taxa adapted to warmer conditions expanded their biogeographic ranges poleward 
resulting in an overall expansion of the biogeographic ranges, increasing niche partitioning 
(Valentine, 1969b; Tomasových et al., 2014). For the bivalves, eight out of 11 previously 
occupied cubes became more genera-rich during the Mesozoic, in association with the ecologic 
changes mentioned above (Fig. 4.1 in Chapter IV). First, the warm, calcitic sea chemistry which 
characterized the Jurassic and Cretaceous was a major contributor to the bivalves ecological and 
taxonomic diversity trends because outer calcitic layers are less soluble than the outer aragonitic 
layers in the calcitic sea, helping erect, epifaunal, cementing, reef-building rudistids become 
ecologically very dominant in tropical, carbonate-rich settings accompanied by an increase in 
their genera-level richness (Fig. 5.1; Table 4.3, Fig. 4.2 in Chapter IV; Harper et al., 1997). 
Against the changes in this abiotic background, the marine realm experienced a huge 
diversification in many unrelated marine groups, which has been termed the ‘Mesozoic Marine 
Revolution’ (MMR; Vermeij, 1977, 1987), and was associated with the a number of biotic 
changes, including: 1) the appearance and diversification of many predatory groups and related 
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antipredatory adaptations (Vermeij, 1977, 1987; Harper and Skelton, 1993; Walker and Brett, 
2002); 2) increased vertical tiering within the sediment continuing a trend that had already 
initiated in the Late Paleozoic (Ausich and Bottjer, 1982); 3) increased bioturbation (Thayer, 
1979); 4) diversification of the Modern fauna (Sepkoski, 1981); and 5) ecologic replacement 
among groups as a result of broad-level extinctions associated with the P-T event (Aberhan, 
1994). It is believed that mainly because of these biotic changes, bivalves displayed the following 
changes: 1) diversification into shallow-shelf niches previously dominated by brachiopods 
(Fraiser and Bottjer, 2007); and 2) increased infaunalization deeper into the substrate (Stanley, 
1968).  
During the Mesozoic, several different types of predators on bivalves appeared, including 
durophagous taxa (e.g., crabs, lobsters, stomatopods, crayfish, batoids), starfish, as well as 
drilling and peeling gastropods (Walker and Brett, 2002; Harper and Kelley, 2012). Expansion of 
these predators into shallow-water environments introduced enormous selection pressure on the 
marine benthos including bivalves. Under these conditions, putative anti-predatory adaptations 
proliferated. As an example, in an experimental study on feeding by asteroid and crustacean 
predators on bivalves, it was shown that cementation, as compared to byssal attachment, hindered 
predation on bivalves by inhibiting prey manipulation (Harper, 1991). Therefore, it is expected 
that the cementing taxa should not be affected by the MMR whereas bysally attached taxa, which 
lacked the additional protection of a stronger mode of attachment, should decrease. In fact, the 
relative generic-dominance of the cementing forms in terms of cube filling was almost unaffected 
while associated with a gradual decrease in byssally attached forms during Mesozoic (Table 4.3, 
Fig. 4.3 in Chapter IV).  Moreover, ecologically these two modes also responded differently. 
Whereas no new cube associated with byssal tiering (e.g., symbiotic feeding habit) appeared 
during the Mesozoic, one new cube associated with cementation was occupied during the 
Jurassic. More interestingly, surficial and erect epifaunal cementers (including mud stickers) 
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became abundant reflecting a major diversification among the hippuritids (Fig. 4.2 in Chapter 
IV).  Furthermore, because burrowing into the sediment and boring into hard substrates appears to 
provide protection from epifaunal predators as mentioned above, it is expected that bivalves 
should display some pattern of increased infaunalization. In fact, many new infaunal families, 
including 15 new infaunal superfamilies, originated at this point which included derived 
adaptations, such as mantle fusion and the development of heterodont and desmodont dentition 
(Stanley, 1968). These adaptations gave rise to the siphon-feeding habit and promoted the more 
effective invasion of both shallow and deep substrates (see Stanley, 1968). In association with 
this taxonomic change, many new cubes characterized by infaunal forms appeared; this included 
seven burrowing and four boring cubes which were occupied for the first time in the clade’s 
history, most of which became increasingly filled by additional genera with time (Figs. 4.1-2 in 
Chapter IV).  
More interestingly, the total number of siphonate families rapidly increased directly 
following the P-T extinction, indicating the expansion of infaunalization (Stanley, 1977). Third, 
apart from the aforementioned ecological and behavioral changes, passive structural defense of 
the shell also increased throughout the Mesozoic. These passive defensive modifications include 
antipredatory improvements in the periostracum, shell microstructure, shell size, shell thickness, 
closure of the shell, and external ornamentation (for detailed discussion, see Harper and Skelton, 
1993). In terms of active defense, one important antipredatory defensive response was 
improvement in mobility either in terms of fast burrowing or occasional swimming under threat. 
Although no new cubes representing fast motility was occupied, taxonomic richness increased 
within the previously occupied cubes reflecting these life habits, and the relative dominances of 
these motile forms increased throughout (Table 4.3, Figs. 4.2-3 in Chapter IV). By examining the 
overall taxonomic and ecological diversification history, it appears that the effect of MMR on 
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Mesozoic bivalves was significant, but cannot explain all of the trends shown, further suggesting 
the importance of a mixed model.  
Another important biotic aspect that occurred and played a significant role in 
restructuring the shallow-marine environment was proliferation of the bioturbators. During the 
early Mesozoic, the dramatic rise of ‘biological bulldozers’ had a substantial effect on epifaunal 
and semi-infaunal organisms (Thayer, 1983; Vermeij, 1987). Extensive reworking of various 
substrates increased the likelihood of burial of shallow-infaunal and epifaunal forms within 
sediment. Whereas the shallow-infaunal forms can quickly re-burrow following a disturbance, 
epifaunal forms suffered as burial coupled with their lack of adaptations for movement back to 
the surface resulted in clogged gills inhibiting both respiration and feeding (Labarbera, 1981). 
Under this threat, most surficial epifaunal forms, including recliners and semi-infaunal forms 
were affected severely, and their relative dominance decreased significantly (Table 4.3, Fig. 4.3 
in Chapter IV; Aberhan et al., 2006).  However, it should be noted that the stacked cemented 
epifaunal forms (here termed erect epifaunal; Chapter IV) were very successful during the 
Mesozoic, mainly due to the diversification of rudistid bivalves (Kiessling et al., 1999; Steuber, 
2013). During the Cretaceous, these reef-building forms became very abundant in tropical 
settings. Therefore, as in the Paleozoic, both biotic and abiotic factors created opportunities for 
adaptive diversification in the bivalves and other groups during the Mesozoic.  
Cenozoic Rise and major biotic-abiotic controls: The Cenozoic pattern of taxonomic and 
ecological diversification differs from that displayed by earlier eras, with only a limited number 
of higher taxa appearing during that interval accompanied by a steep rise in genera-level richness 
(Chapter III). The number of new orders increased by only three (Fig. 5.1) representing a rate of 
only 0.05 new orders/Ma (for comparison see above). Although there were family-level 
origination peaks during the Paleogene and Neogene, the total number of families decreased in 
the Cenozoic, mainly due to the high intensity of familial extinction associated with the K-Pg 
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boundary (Fig. 3.5 in Chapter III; Fig. 5.1). In contrast, high peaks in genus-level originations are 
observed during the Paleogene, as reflected in the steep rise in genera-level richness directly 
following this event (Fig. 5.1; Fig. 3.5 in Chapter III).  
The major cause of the steep Cenozoic genera-level rise, other than the potential impacts 
of competition and predation, can be explained by several abiotic causes: 1) a gradual fall in 
global mean sea-surface temperature tied to increasing icehouse conditions and the growth of 
continental ice sheets (Veizer et al., 2000; Miller et al., 2005); 2) isolation of Antarctica and 
development of the circumpolar current (Zachos et al., 2001); and 3) the presence of land masses 
at high latitudes, which played major role in long-term cooling, leading to northern and southern 
hemisphere glaciation (Barron et al., 1980; Zachos et al., 2001). These icehouse conditions 
resulted in a pronounced latitudinal temperature gradient and oceanic stratification promoting 
diversification of organisms (Schmidt et al., 2004). During this interval, bivalves showed no 
significant ecological or diversification at higher taxonomic levels. As Valentine (1969a,b) has 
argued, this gradual decrease in the likelihood of appearing novel occurs because of increased 
specialization of groups within previously occupied ecological conditions (i.e., canalization). This 
reduced the average niche size and average population size of most species, because 
specialization restricts that lineage to evolve only within an increasing narrow ecospace 
(Valentine, 1969b; Levinton, 1979; Erwin, 1994). Under these modified and more restricted 
habitat constraints accompanied by restricted population sizes, the amount of change required to 
produce new higher taxa is increasingly difficult to achieve, as it is difficult to produce sufficient 
deviation from the ancestral form or life habit from the modal functions and morphologies. 
Therefore, new higher orders did not evolve (Valentine, 1969; Levinton, 1979; Erwin, 1994). 
With time it became increasingly more unlikely as it is competitively difficult to remove an 
incumbent or evolve some sort of innovation that allows the appearance of higher taxa. However, 
simultaneous with this canalization, diffusion within the previously occupied niches, likely 
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related to niche partitioning, will continue, further increasing competition within and among 
clades, and further promoting speciation (Valentine, 1969 a,b; Vermeij, 1987; Foote, 1993).  
The overall pattern of Phanerozoic diversification: This variation in taxonomic dynamics 
spanning from the Paleozoic through to the Cenozoic is also characterized by variation in the 
higher taxa:genus ratio (i.e., ration between the total number of family/order and the total number 
of genera; Fig. 5.1). During the Paleozoic, although several new orders and families diversified 
rapidly, the total number of genera FADs was low, resulting in a higher taxa:genus ratio (Fig. 
5.1). In comparison, during the Mesozoic, several new families and relatively few new orders 
appeared which contained only a relatively moderate number of genus-level FADs. For this 
reason, the order:genus ratio was very low, as compared to that of the Paleozoic, but the 
family:genus ratio was comparable with the Paleozoic. During the Cenozoic, the higher 
taxa:genus ratios were the lowest, mainly because of huge peaks in genus FADs (Fig. 5.1; Fig. 
3.5C in Chapter III). Therefore, whereas the Paleozoic can be considered as the major episode of 
orders and family origination, the Mesozoic as an interval dominated by family origination of 
families, the Cenozoic can be considered a time of genus-level originations (Fig. 3.5 in Chapter 
III; see above). 
The ecological patterns most resemble those of orders, and not those constructed for other 
taxonomic levels indicating strongest Phanerozoic correlation between the orders and ecologic 
cubes (Table 5.1). However, the Cenozoic correlation between orders and cubes differs from that 
of the rest of the Phanerozoic as it is characterized by a negative, although statistically 
insignificant, correlation (Table 5.1). This likely reflects that the time of extinction of orders 
during the Paleogene was almost synchronous with the origination of new cube occupation 
strongly influencing the correlation towards a negative slope (compare Fig. 3.5 and 4.5 in Chapter 
III and IV, respectively). However, genera-level richness displays a steep increase, with increased 
packing within the occupied cubes (Figs. 5.1-2). The other important ecological features include 
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an increase in mobility in terms of burrowing and boring (Table 4.3 in Chapter IV), complete 
abandonment of the erect epifaunal cube, which was filled in by corals in the Cenozoic following 
the extinction of the rudistids at the K-Pg boundary (see Chapter IV for details), and increased 
infaunalization and the demise of reclining forms (Table 4.3 in Chapter IV).  
 
Conclusions 
The Phanerozoic-level taxonomic and ecological diversification histories of bivalves 
consists of three distinct phases: 1) an Early Paleozoic adaptive radiation, during which both the 
ecological and taxonomic higher order richness showed very rapid increases accompanied by low 
genera-level richness. New ecological niches, as exemplified by the increase in occupied cubes, 
were explored for the first time in the clade’s history. The order:genus ratio was high during this 
early phase, and then started to gradually decrease (Fig. 5.1); 2) the Mesozoic adaptive 
diversification, which was associated with the appearance/occupation of both a few higher taxa 
and ecological cubes; and 3) the Cenozoic diffusion within pre-occupied cubes accompanied by 
an pronounced increase in genera. Therefore, the early phases of higher taxa (orders and families) 
radiation are synchronous with the increase in occupation of unoccupied, novel ecospaces 
followed by the diversification of new lower taxa (genera) that resulted in increased packing 
within the already occupied ecospaces rather than expanding the group’s ecologic range 
(Simpson, 1953; Stanley, 1968; Valentine, 1969 a,b; Kauffman, 1978; Fang, 2006; Tran, 2014).  
During all of these three phases of taxonomic and ecologic diversification, biotic 
(predation, and competition) and abiotic (nutrient, sea level, and temperature) components of the 
Earth had a significant effect which have created opportunities for adaptive innovations (see 
above). These innovations, along with several biotic and abiotic agents, created opportunities for 
bivalves to increase ecospace utilization through time suggesting that innovation can trigger 
diversification (Nicholson et al., 2014). Therefore, a multilevel mixed model which incorporates 
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all components – biological innovations, taxonomic-ecologic diversifications, and biotic-abiotic 
agents in tandem – is required to better understand large-scale pattern of diversification of this 
clade. 
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Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.1. Taxonomic and ecologic richness curves are plotted. Note, an Ordovician radiation of 
higher taxa synchronous with new ecospaces, a Mesozoic rise in families and genera, and a 
Cenozoic rise in genera only, suggesting variable dynamics in taxonomic and ecological richness 
during the Phanerozoic. Black horizontal box in the middle panel = Aragonite sea; no shading = 
Calcite sea (data from Harper et al., 1997). Blue horizontal boxes in the middle panel = ice house, 
violet box = mixed house, no shading = green house (data from Link, 2009; Price et al., 2013). 
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Figure 5.2. Correlation between the ecological and taxonomic richness during different time 
intervals. In each pair, left figure indicate correlation between raw data, and right one indicate 
correlation after removing autocorrelations (see text).
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Figure 5.3. All morphological and behavioral adaptations are drawn along with the ranges of orders and subclasses. 1-4: gills. 1: Septibranch, 2: 
Eulamellibranch, 3: Protobranchiata, 4: Filibranchiata. 5-10: morphological and behavioral key adaptations. 5: siphon, 6: boring crypt, 7: 
cementation, 8: byssus, 9: swimming, 10: mantle fusion. 11-17: dentition. 11: taxodont, 12: dysodont, 13: isodont, 14: schizodont, 15: heterodont, 
16: pachydont, 17: desmodont. a-gg: Orders. a: Actinodontida, b: Anomalodesmacea , c: Arcida, d: Cardiida, e: Cardiidia , f: Cardioni , g: 
Carditida , h: Colpomyida , i: Cyrtodontida, j: Fordillida , k: Hiatellida , l: Hippuritida, m: Lucinida , n: Megalodontida, o: Modiomorphida, p: 
Myalinida, q: Myoida, r: Mytilida , s: Nuculida, t: Ostreida, u: Pandorida , v: Pectinida , w: Pholadida, x: Pholadomyida , y: Poromyida, z: 
Pterioida, aa: Solemyida , bb: Solenida , cc: Thraciida , dd: Trigoniida, ee: Tuarangiida , ff: Unionida, gg: Veneroida. Rest: Subclasses. hh: 
Protobranchia, ii: Pteriomorphia, oo: Palaeoheterodonta, kk: Heterodonta, qq: Anomalodesmata, mm: Palaeotaxodonta, nn: Cryptodonta. 
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Figure 5.4. Figure 5.4. Phanerozoic-level changes in several abiotic factors which might have significant effect on bivalve diversification are 
shown here. Data from Martin, 1996; Veizer et al., 1999; McArthur et al., 2001; Cardenas and Harries, 2010.
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Tables 
Table 5.1. Cross correlation (Pearson ρ) and p values between taxonomic and ecologic richness during different time intervals are tabulated.  
 
 
Time Order-level Family-level Genus-level 
 Raw Detrended Raw Detrended Raw Detrended 
Phanerozoic 0.956, <0.01 0.579, <0.01 0.951, <0.01 0.601, <0.01 0.815, <0.01 0.628, <0.01 
Cenozoic -0.654, 0.004 -0.204, 0.449 0.574, 0.016 0.279, 0.0296 0.760, 0.001 0.452, 0.078 
Mesozoic 0.823, <0.01 0.341, 0.071 0.528, 0.003 0.025, 0.899 0.946, 0.003 0.333, 0.077 
Paleozoic 0.977, <0.01 0.578, <0.01 0.961, <0.01 0.597, <0.01 0.925, <0.01 0.635, <0.01 
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Table A.1. Presence (1) - absence (0) data of positions and extents of scars and breaks on Varicorbula have been listed for the four 
formations of the Plio-Pleistocene of Florida. D = drilled, U = undrilled, a = anterior, v = ventral, p = posterior, m = minor, M = medium, 
E = extensive. 
 
Pinecrest Beds (upper Tamiami Formation) 
  
breaks scars 
  
location extent location extent 
 D U Ua Uv Up Da Dv Dp Um UM UE Dm DM DE a v p m M E 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 1 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
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1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
168 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 1 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
169 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 0 
1 0 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
170 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 
171 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
172 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
173 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
174 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 
0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 
0 1 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
175 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
  
Early Pleistocene Caloosahatchee Fm. 
  
breaks 
  
scars 
   
  
location extent 
 
location 
  
extent 
 D U Ua Uv Up Da Dv Dp Um UM UE Dm DM DE a v p m M E 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
176 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
177 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 1 1 0 
0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
178 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
179 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 
0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
180 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 
0 1 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 1 1 0 1 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
182 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0 
0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 1 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
186 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 
0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 
188 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0 1 0 
0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
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0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 
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0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
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0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
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0 1 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 
0 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
193 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
194 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
195 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 
1 0 0 0 0 1 1 0 0 0 0 1 0 1 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 
196 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 1 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 0 1 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
197 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
198 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 
1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 1 0 0 1 1 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
199 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 1 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
200 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
 Middle Pleistocene Bermont Fm. 
     
breaks 
          
scars 
   
  
location extent 
 
location 
  
extent 
  D U Ua Uv Up Da Dv Dp Um UM UE Dm DM DE a v p m M E 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 1 0 0 
1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
201 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 
1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
202 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
203 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 0 
1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 0 0 1 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 1 0 0 
204 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 1 1 0 0 1 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 0 1 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 1 0 1 1 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
205 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
206 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 
207 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
208 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
209 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
210 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 
 
0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
211 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
212 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 0 1 1 0 1 0 0 0 1 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
213 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
214 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 
0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 1 1 0 0 1 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
215 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
216 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
217 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
218 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
219 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 2 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 1 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
220 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
                    
 
221 
Late Pleistocene Ft. Thompson Fm. 
  
breaks 
  
scars 
   
  
location extent 
 
location 
  
extent 
  D U Ua Uv Up Da Dv Dp Um UM UE Dm DM DE a v p m M E 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
222 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 1 1 1 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
223 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
224 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
225 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 1 0 1 0 0 0 1 0 
1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
1 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
226 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
227 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
228 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 1 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 
0 1 0 1 1 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 1 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 1 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 1 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 1 1 0 0 0 0 1 0 0 0 1 0 1 0 0 0 1 0 
229 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 1 0 0 0 1 0 1 0 
0 1 0 1 1 0 0 0 1 0 0 0 1 0 1 0 0 0 1 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 1 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 1 1 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 
0 1 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
230 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
231 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 
232 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 
1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 1 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 
1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0 
1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 
1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 1 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 
 
 
 
233 
Table A.2. Presence (1) – absence (0) data of positions and extents of scars and breaks on Chione have been listed for the four formations 
of the Plio-Pleistocene of Florida. D = drilled, U = undrilled, a = anterior, v = ventral, p = posterior, m = minor, M = medium, E = 
extensive. 
 
Pinecrest Beds (upper Tamiami Formation) 
  
breaks scars 
  
 
location extent location extent 
D U Ua Uv Up Da Dv Dp Um UM UE Dm DM DE a v p m M E 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
234 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
235 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 1 1 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
236 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
237 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
238 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
239 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 1 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
240 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 
0 1 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
241 
0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
242 
0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
243 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
244 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
245 
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 
                    Early Pleistocene Caloosahatchee Fm. 
  
breaks scars 
  
location extent location extent 
D U Ua Uv Up Da Dv Dp Um UM UE Dm DM DE a v p m M E 
0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 
0 1 1 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
246 
0 1 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 
0 1 1 1 0 0 0 0 1 0 1 0 0 0 0 0 1 1 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
247 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 1 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
248 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
249 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
250 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
251 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
252 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
253 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
254 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 1 1 1 0 0 1 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
255 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
256 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 
0 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
257 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
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1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
284 
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
285 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
                    Middle Pleistocene Bermont Fm. 
  
breaks 
  
scars 
   
  
location extent location extent 
D U Ua Uv Up Da Dv Dp Um UM UE Dm DM DE a v p m M E 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
286 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
287 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
288 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
289 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
290 
0 1 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
291 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
292 
0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
293 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
0 1 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
294 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
295 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
296 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 1 0 1 0 0 0 0 1 0 1 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
297 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
298 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 
0 1 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
299 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
300 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 1 1 0 0 
1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
301 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 1 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
302 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 1 0 0 0 1 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
303 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 0 1 0 
304 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
305 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
306 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
                    Late Pleistocene Ft. Thompson Fm. 
  
breaks scars 
  
location extent location extent 
D U Ua Uv Up Da Dv Dp Um UM UE Dm DM DE a v p m M E 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
307 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 1 0 0 0 1 0 0 0 0 0 0 1 0 1 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
308 
0 1 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
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0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
322 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 1 0 0 0 0 0 0 1 1 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
0 1 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
323 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
324 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 
1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
325 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
326 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 0 1 0 
1 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
327 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
328 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 1 0 1 0 
1 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
329 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 1 0 0 0 1 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 1 1 0 0 
1 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
330 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 
1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 
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Table A.3. Copyright clearance document for Chapter I, which has been published in the journal 
Palaeogeography Palaeoclimatology Palaeoecology. 
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Table B.1. List of all bivalve genera with their stratigraphic [first (FAD) and last (LAD) occurrences], taxonomic, and ecologic information. For 
abbreviations of the ecological characters, see Table 4.1 in Chapter IV. 
Subclass Order Family Genus FAD LAD Tiering Feeding Motility 
Heterodonta Cardiida Lahillidae Lahillia 86.3 16 SBu SF MoS 
Heterodonta Cardiida Lahillidae Lahilleona 83.6 59.2 SBu SF MoS 
Pteriomorphia Pectinida Hunanopectinidae Fransonia 279 265 SE SF Re 
Heterodonta Hippuritida Requieniidae Rutonia 269 66 EE SF Ce 
Heterodonta Hippuritida Requieniidae Requienia 157 66 EE SF Ce 
Heterodonta Hippuritida Caprotinidae Monopleura 145 66 EE SF Ce 
Heterodonta Hippuritida Caprinidae Caprina 139 66 EE SF Ce 
Heterodonta Hippuritida Monopleuridae Gyropleura 139 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Paronella 152 83.6 EE SF Ce 
Heterodonta Hippuritida Caprotinidae Agriopleura 134 66 EE SF Ce 
Heterodonta Hippuritida Caprotinidae Caprotina 131 66 EE SF Ce 
Heterodonta Hippuritida Diceratidae Diceras 164 100 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Eoradiolites 126 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Praeradiolites 126 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Radiolites 126 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Sphaerulites 126 66 EE SF Ce 
Heterodonta Hippuritida Requieniidae Toucasia 134 86.3 EE SF Ce 
Heterodonta Hippuritida Caprinidae Caprinula 113 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Durania 113 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Sauvagesia 113 66 EE SF Ce 
Heterodonta Hippuritida Requieniidae Apricardia 113 66 EE SF Ce 
Heterodonta Hippuritida Requieniidae Matheronia 152 113 EE SF Ce 
Heterodonta Hippuritida Ichthyosarcolitidae Ichthyosarcolites 126 89.8 EE SF Ce 
Heterodonta Hippuritida Caprinidae Pachytraga 134 100 EE SF Ce 
Heterodonta Hippuritida Caprinidae Sabinia 100 66 EE SF Ce 
Heterodonta Hippuritida Caprinidae Schiosia 100 66 EE SF Ce 
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Heterodonta Hippuritida Hippuritidae Hippurites 100 66 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Pseudopironaea 100 66 EE SF Ce 
Heterodonta Hippuritida Plagioptychidae Coralliochama 100 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Biradiolites 100 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Neoradiolites 100 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Parabournonia 100 66 EE SF Ce 
Heterodonta Hippuritida Caprinidae Caprinuloidea 126 93.9 EE SF Ce 
Heterodonta Hippuritida Caprinidae Coalcomana 126 93.9 EE SF Ce 
Heterodonta Hippuritida Caprinulidae Himeraelites 126 93.9 EE SF Ce 
Heterodonta Hippuritida Caprinuloideidae Planocaprina 126 93.9 EE SF Ce 
Heterodonta Hippuritida Polyconitidae Horiopleura 126 93.9 EE SF Ce 
Heterodonta Hippuritida Polyconitidae Polyconites 126 93.9 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Hippuritella 93.9 66 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Orbignya 93.9 66 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Vaccinites 93.9 66 EE SF Ce 
Heterodonta Hippuritida Plagioptychidae Plagioptychus 93.9 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Bournonia 93.9 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Distefanella 93.9 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Joufia 93.9 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Medeela 93.9 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Milovanovicia 93.9 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Petkovicia 93.9 66 EE SF Ce 
Heterodonta Hippuritida Requieniidae Bayleoidea 113 86.3 EE SF Ce 
Heterodonta Hippuritida Requieniidae Lovetcheniia 139 113 EE SF Ce 
Heterodonta Hippuritida Requieniidae Pseudotoucasia 126 100 EE SF Ce 
Heterodonta Hippuritida Caprinidae Caprinella 89.8 66 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Barrettia 89.8 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Fossulites 89.8 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Gorjanovicia 89.8 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Lapeirousella 89.8 66 EE SF Ce 
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Heterodonta Hippuritida Radiolitidae Pseudopolyconites 89.8 66 EE SF Ce 
Heterodonta Hippuritida Polyconitidae Tepeyacia 113 89.8 EE SF Ce 
Heterodonta Hippuritida Caprinidae Texicaprina 113 89.8 EE SF Ce 
Heterodonta Hippuritida Diceratidae Heterodiceras 157 134 EE SF Ce 
Heterodonta Hippuritida Diceratidae Valletia 157 134 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Pseudovaccinites 93.9 72.1 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Jerinella 93.9 72.1 EE SF Ce 
Heterodonta Hippuritida Caprinuloideidae Retha 134 113 EE SF Ce 
Heterodonta Hippuritida Antillocaprinidae Praebarrettia 86.3 66 EE SF Ce 
Heterodonta Hippuritida Caprinidae Antillocaprina 86.3 66 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Torreites 86.3 66 EE SF Ce 
Heterodonta Hippuritida Plagioptychidae Mitrocaprina 86.3 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Katzeria 86.3 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Kuehnia 86.3 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Lapeirousia 86.3 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Radiolitella 86.3 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Rajka 86.3 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Robertella 86.3 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Tampsia 86.3 66 EE SF Ce 
Heterodonta Hippuritida Requieniidae Bayleia 86.3 66 EE SF Ce 
Heterodonta Hippuritida Caprotinidae Sellaea 113 93.9 EE SF Ce 
Heterodonta Hippuritida Requieniidae Kugleria 113 93.9 EE SF Ce 
Heterodonta Hippuritida Caprinidae Sphaerucaprina 113 93.9 EE SF Ce 
Heterodonta Hippuritida Caprinuloideidae Immanitas 113 93.9 EE SF Ce 
Heterodonta Hippuritida Caprotinidae Petalodontia 113 93.9 EE SF Ce 
Heterodonta Hippuritida Epidiceratidae Eodiceras 164 145 EE SF Ce 
Heterodonta Hippuritida Epidiceratidae Epidiceras 164 145 EE SF Ce 
Heterodonta Hippuritida Epidiceratidae Plesiodiceras 164 145 EE SF Ce 
Heterodonta Hippuritida Diceratidae Megadiceras 152 134 EE SF Ce 
Heterodonta Hippuritida Caprinidae Amphitriscoelus 131 113 EE SF Ce 
336 
Heterodonta Hippuritida Radiolitidae Anodontopleura 131 113 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Medeella 89.8 72.1 EE SF Ce 
Heterodonta Hippuritida Antillocaprinidae Antillosarcolites 83.6 66 EE SF Ce 
Heterodonta Hippuritida Caprinidae Titanosarcolites 83.6 66 EE SF Ce 
Heterodonta Hippuritida Dictyoptychidae Dictyoptychus 83.6 66 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Parastroma 83.6 66 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Pironaea 83.6 66 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Yvaniella 83.6 66 EE SF Ce 
Heterodonta Hippuritida Plagioptychidae Paracaprinula 83.6 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Apulites 83.6 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Darendeella 83.6 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Macgillavryia 83.6 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Osculigera 83.6 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Pseudosabinia 83.6 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Thyrastylon 83.6 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Vautrinia 83.6 66 EE SF Ce 
Pteriomorphia Ostreida Malleidae Lithiotis 199 183 EE SF/O Ce 
Heterodonta Hippuritida Hippuritidae Tetravaccinites 86.3 72.1 EE SF Ce 
Heterodonta Hippuritida Requieniidae Monnieria 152 139 EE SF Ce 
Heterodonta Hippuritida Caprinidae Kipia 126 113 EE SF Ce 
Heterodonta Hippuritida Caprinidae Offneria 126 113 EE SF Ce 
Heterodonta Hippuritida Caprinidae Praecaprina 126 113 EE SF Ce 
Heterodonta Hippuritida Caprotinidae Praecaprotina 126 113 EE SF Ce 
Heterodonta Hippuritida Caprinuloideidae Kimbleia 113 100 EE SF Ce 
Heterodonta Hippuritida Diceratidae Mesodiceras 164 152 EE SF Ce 
Heterodonta Hippuritida Requieniidae Hypelasma 157 145 EE SF Ce 
Heterodonta Hippuritida Dictyoptychidae Eodictyoptychus 83.6 72.1 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Favus 83.6 72.1 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Parasauvagesia 83.6 72.1 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Potosites 83.6 72.1 EE SF Ce 
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Pteriomorphia Ostreida Lithiotidae Cochlearites 191 183 EE SF Ce 
Heterodonta Hippuritida Diceratidae Macrodiceras 164 157 EE SF Ce 
Heterodonta Hippuritida Diceratidae Paradiceras 152 145 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Hacobjanella 89.8 83.6 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Praelapeirousia 89.8 83.6 EE SF Ce 
Pteriomorphia Arcida Monopleuridae Simacia 100 93.9 EE SF Ce 
Heterodonta Hippuritida Caprinidae Mexicaprina 100 93.9 EE SF Ce 
Heterodonta Hippuritida Caprinidae Neocaprina 100 93.9 EE SF Ce 
Heterodonta Hippuritida Caprinidae Orthoptychus 100 93.9 EE SF Ce 
Heterodonta Hippuritida Monopleuridae Araeopleura 100 93.9 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Palus 100 93.9 EE SF Ce 
Heterodonta Hippuritida Antillocaprinidae Parasarcolites 72.1 66 EE SF Ce 
Heterodonta Hippuritida Caprinidae Rousselia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Laluzia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Monopleuridae Artigesia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Chiapasella 72.1 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Colveraia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Dechaseauxia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Dubertretia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Fundinia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Hardaghia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Klinghardtites 72.1 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Kurtinia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Miseia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Orestia 72.1 66 EE SF Ce 
Heterodonta Hippuritida Monopleuridae Bicornucopina 139 134 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Rhedensia 93.9 89.8 EE SF Ce 
Heterodonta Hippuritida Requieniidae Lovetchenia 134 131 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Batolites 86.3 83.6 EE SF Ce 
Heterodonta Hippuritida Radiolitidae Synodontites 86.3 83.6 EE SF Ce 
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Heterodonta Hippuritida Caprinidae Pantojaloria 126 126 EE SF Ce 
Heterodonta Hippuritida Caprinulidae Parapachytraga 126 126 EE SF Ce 
Heterodonta Hippuritida Caprotinidae Douvillelia 126 126 EE SF Ce 
Heterodonta Hippuritida Caprotinidae Glossomyophorus 126 126 EE SF Ce 
Heterodonta Hippuritida Monopleuridae Pseudopetalodontia 113 113 EE SF Ce 
Heterodonta Hippuritida Polyconitidae Jerjesia 113 113 EE SF Ce 
Heterodonta Hippuritida Caprinidae Guzzyella 100 100 EE SF Ce 
Heterodonta Hippuritida Caprinidae Jalpania 100 100 EE SF Ce 
Heterodonta Hippuritida Caprinidae Muellerriedia 100 100 EE SF Ce 
Heterodonta Hippuritida Caprinidae Pacificaprina 100 100 EE SF Ce 
Heterodonta Hippuritida Hippuritidae Praetorreites 83.6 83.6 EE SF Ce 
Heterodonta Hippuritida Monopleuridae Arnaudia 83.6 83.6 EE SF Ce 
Heterodonta Cardiida Petricolidae Pseudoirus 16 0 DBo SF Re 
Heterodonta Cardiida Petricolidae Petricolirus 1.8 0 DBo SF Re 
Heterodonta Cardiida Petricolina Petricola 113 0 SBo SF Re 
Heterodonta Cardiida Petricolina Rupellaria 56 0 SBo SF Re 
Heterodonta Cardiida Petricolina Lajonkairia 23 0 SBo SF Re 
Heterodonta Cardiida Petricolina Choristodon 7.2 0.01 SBo SF Re 
Heterodonta Cardiida Cardiidae Tridacna 164 0.01 SI SF/O By 
Heterodonta Cardiida Cardiidae Chametrachea 11.6 0 SI SF/O By 
Heterodonta Pholadida Pholadidae Opertochasma 157 66 DBo SF Re 
Heterodonta Pholadida Pholadidae Cyrtopleura 66 0 DBo SF Re 
Heterodonta Pholadida Teredinidae Bankia 199 0 DBo SF Re 
Heterodonta Pholadida Teredinidae Teredo 145 0 DBo SF Re 
Heterodonta Pholadida Teredinidae Turnus 164 66 DBo SF Re 
Heterodonta Pholadida Teredinidae Nototeredo 66 0 DBo SF Re 
Heterodonta Pholadida Teredinidae Lyrodobankia 56 0 DBo SF Re 
Heterodonta Pholadida Teredinidae Kuphus 37.8 3.6 DBo SF Re 
Heterodonta Pholadida Teredinidae Terebrimya 113 93.9 DBo SF Re 
Heterodonta Pholadida Teredinidae Nausitora 56 47.8 DBo SF Re 
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Pteriomorphia Mytilida Mytilidae Adula 41.2 0 SBo SF By 
Pteriomorphia Mytilida Mytilidae Fungiacava 1.8 0 SBo SF By 
Anomalodesmata Pandorida Clavagellidae Stirpulina 89.8 0 SBo SF Ce 
Anomalodesmata Pandorida Clavagellidae Foegia 23 0 SBo SF Ce 
Anomalodesmata Pandorida Clavagellidae Penicillus 23 0 SBo SF Ce 
Anomalodesmata Pandorida Clavagellidae Ascaulocardium 83.6 66 SBo SF Ce 
Anomalodesmata Pandorida Clavagellidae Humphreyia 11.6 5.3 SBo SF Ce 
Anomalodesmata Pandorida Clavagellidae Warnea 5.3 0 SBo SF Ce 
Heterodonta Pholadida Pholadidae Particoma 170 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Jouannetia 164 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Martesia 126 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Anchomasa 100 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Monothyra 100 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Parapholas 93.9 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Xylophaga 93.9 0 SBo SF/O Re 
Heterodonta Pholadida Pholadidae Pholadidea 83.6 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Hatasia 72.1 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Pholadopsis 66 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Goniochasma 126 66 SBo SF Re 
Heterodonta Pholadida Pholadidae Barnea 56 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Netastoma 56 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Clavipholas 83.6 33.9 SBo SF Re 
Heterodonta Pholadida Pholadidae Xylophagella 113 66 SBo SF/O Re 
Heterodonta Pholadida Pholadidae Penitella 28.1 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Eutylus 59.2 33.9 SBo SF Re 
Heterodonta Pholadida Pholadidae Thovana 23 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Zirfaea 23 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Heteropholas 56 33.9 SBo SF Re 
Heterodonta Pholadida Pholadidae Ramsetia 83.6 66 SBo SF Re 
Heterodonta Pholadida Pholadidae Chaceia 16 0 SBo SF Re 
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Heterodonta Pholadida Pholadidae Scobinopholas 16 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Nettastomella 5.3 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Diplothyra 1.8 0.01 SBo SF Re 
Heterodonta Pholadida Pholadidae Teredina 83.6 2.6 SBo SF Re 
Heterodonta Pholadida Pholadidae Xylophomya 72.1 66 SBo SF Re 
Anomalodesmata Pandorida Clavagellidae Brechites 2.6 0.01 SBo SF Ce 
Anomalodesmata Pandorida Clavagellidae Clavagella 100 0 SBo SF Ce 
Palaeoheterodonta Modiomorphida Modiomorphidae Corallidomus 445 445 SI SF By 
Heterodonta Cardiida Veneridae Claudiconcha 5.3 0 SBo SF Re 
Heterodonta Pholadida Myidae Cryptomya 47.8 0 SBo SF By 
Heterodonta Pholadida Myidae Venatomya 0.01 0.01 SBo SF By 
Heterodonta Pholadida Myidae Tugonia 56 0 SBo SF Re 
Heterodonta Pholadida Myidae Hiatula 28.1 0 SBo SF Re 
Anomalodesmata Pandorida Clavagellidae Bryopa 23 0 SBo SF Ce 
Pteriomorphia Mytilida Mytilidae Diberus 23 0 SBo SF By 
Pteriomorphia Mytilida Mytilidae Labis 1.8 0 SBo SF By 
Heterodonta Pholadida Myidae Paramya 23 0 SBo SF Re 
Heterodonta Pholadida Myidae Platyodon 23 0 SBo SF Re 
Pteriomorphia Mytilida Mytilidae Leiosolenus 16 0 SBo SF Re 
Heterodonta Carditida Carditidae Beguina 37.8 13.8 SBo SF By 
Pteriomorphia Mytilida Mytilidae Lithophaga 347 0 DBo SF By 
Heterodonta Hiatellida Hiatellidae Hiatella 241 0 DBo SF Re 
Heterodonta Pholadida Pholadidae Pholas 126 0 DBo SF Re 
Heterodonta Cardiida Trapeziidae Oryctomya 59.2 5.3 SBo SF By 
Heterodonta Cardiida Trapeziidae Kitsonia 61.6 33.9 SBo SF By 
Heterodonta Cardiida Trapeziidae Aphaea 83.6 66 SBo SF By 
Heterodonta Cardiida Trapeziidae Pseudopleurophorus 83.6 66 SBo SF By 
Heterodonta Cardiida Veneridae Irus 33.9 0 SBo SF By 
Heterodonta Cardiida Veneridae Notopaphia 1.8 0 SBo SF Re 
Heterodonta Cardiida Veneridae Notirus 23 0 SBo SF Re 
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Pteriomorphia Mytilida Mytilidae Botula 126 0 SBo SF By 
Heterodonta Cardiida Trapezidae Coralliophaga 66 0 SBo SF Re 
Heterodonta Pholadida Pholadidae Aspidopholas 56 11.6 SBo SF Re 
Heterodonta Cardiida Trapezidae Trapezium 201 0 SBo/SE SF By 
Heterodonta Cardiida Trapezidae Langvophorus 228 100 SBo/SE SF By 
Heterodonta Cardiida Trapezidae Neotrapezium 56 0 SBo/SE SF By 
Heterodonta Cardiida Gastrochaenidae Gastrochaena 254 0 SBo SF By 
Pteriomorphia Arcida Gastrochaenidae Spengleria 254 1.8 SBo SF By 
Heterodonta Cardiida Gastrochaenidae Eufistulana 83.6 0 SBo SF By 
Heterodonta Cardiida Gastrochaenidae Rocellaria 37.8 0.01 SBo SF By 
Heterodonta Cardiida Gastrochaenidae Kummelia 72.1 47.8 SBo SF By 
Heterodonta Cardiida Gastrochaenidae Gastrochaenopsis 166 145 SBo SF By 
Heterodonta Cardiida Gastrochaenidae Carterochaena 164 145 SBo SF By 
Heterodonta Cardiida Gastrochaenidae Eufistulina 72.1 66 SBo SF By 
Heterodonta Cardiida Gastrochaenidae Lamychaena 0.01 0.01 SBo SF By 
Heterodonta Cardiida Tellinidae Tellinidella 11.6 0 SBu DF/SF MoS 
Heterodonta Cardiida Petricolina Mysia 5.3 0 SBu SF MoS 
Pteriomorphia Ostreida Malleidae Crenatula 66 0 SBo SF By 
Pteriomorphia Ostreida Malleidae Vulsella 100 0 SBo SF Re 
Heterodonta Pholadida Corbulidae Parmicorbula 126 33.9 DBu SF MoS 
Heterodonta Pholadida Corbulidae Lentidium 66 0 DBu SF MoS 
Heterodonta Pholadida Corbulidae Janschinella 33.9 16 DBu SF MoS 
Heterodonta Pholadida Corbulidae Potamocorbula 16 7.2 DBu SF MoS 
Heterodonta Pholadida Corbulidae Notocorbula 56 0 DBu SF 
 
Heterodonta Cardiida Cardiidae Lophocardium 37.8 0 DBu SF MoS 
Heterodonta Cardiida Cardiidae Globocardium 126 100 DBu SF MoS 
Pteriomorphia Arcida Arcidae Tegillarca 11.6 0 SI SF By 
Heterodonta Carditida Carditidae Pleuromeris 66 0 SI SF By/MoS 
Heterodonta Carditida Carditidae Miodomeris 66 33.9 SI SF By/MoS 
Heterodonta Carditida Carditidae Strophocardia 5.3 0 SI SF By/MoS 
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Pteriomorphia Arcida Arcidae Tosarca 5.3 1.8 SI SF Re 
Pteriomorphia Arcida Arcidae Lunarca 47.8 0 SI SF SBu/By 
Pteriomorphia Ostreida Arcidae Potiarca 20.4 0.01 SI SF By 
Pteriomorphia Arcida Arcidae Nemoarca 83.6 72.1 SI SF By 
Pteriomorphia Arcida Arcidae Mabellarca 5.3 0 SI SF By 
Heterodonta Cardiida Arcidae Esmerarca 5.3 3.6 SI SF By 
Pteriomorphia Arcida Arcidae Grandiarca 20.4 0 SI SF MoS 
Pteriomorphia Pectinida Arcidae Diluvarca 20.4 7.2 SI SF MoS 
Heterodonta Cardiida Veneridae Chioneryx 11.6 0 DBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Litorhadia 59.2 11.6 DBu DF/SF MoS 
Heterodonta Cardiida Cardiidae Ethmocardium 83.6 66 DBu SF MoS 
Heterodonta Cardiida Neomiodontidae Isodomella 145 131 DBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Perissonata 72.1 66 DBu DF MoS 
Heterodonta Cardiida Tancrediidae Tancredia 247 59.2 DBu SF MoS 
Heterodonta Cardiida Tancrediidae Corbicellopsis 199 100 DBu DF MoS 
Heterodonta Cardiida Tancrediidae Eodonax 152 100 DBu SF MoS 
Heterodonta Cardiida Tancrediidae Meekia 113 66 DBu DF MoS 
Heterodonta Cardiida Tancrediidae Mygallia 113 66 DBu DF MoS 
Heterodonta Cardiida Tancrediidae Corbicella 164 139 DBu DF MoS 
Heterodonta Cardiida Tancrediidae Sakawanella 237 228 DBu SF MoS 
Heterodonta Cardiida Tancrediidae Palaeomya 199 145 DBu SF MoS 
Heterodonta Solenida Orthonotidae Palaeosolen 458 260 DBu SF MoS 
Heterodonta Solenida Orthonotidae Orthonota 467 359 DBu SF MoS 
Anomalodesmata Thraciida Burmesiidae Prolaria 201 100 DBu SF MoS 
Heterodonta Pholadida Raetomyidae Amotapus 126 33.9 DBu SF MoS 
Heterodonta Pholadida Vacunellidae Cunavella 315 254 DBu SF MoS 
Heterodonta Pholadida Vacunellidae Pachymyonia 296 260 DBu SF MoS 
Anomalodesmata Thraciida Burmesiidae Burmesia 228 199 DBu SF MoS 
Heterodonta Pholadida Raetomyidae Raetomya 56 33.9 DBu SF MoS 
Heterodonta Solenida Orthonotidae Sphenosolen 470 458 DBu SF MoS 
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Heterodonta Pholadida Raetomyidae Amotapas 47.8 37.8 DBu SF MoS 
Palaeotaxodonta Nuculida Solemyidae Acharax 279 0 DBu DF/O MoS 
Palaeotaxodonta Nuculida Solemyidae Janeia 426 252 DBu DF/O MoS 
Palaeotaxodonta Nuculida Solemyidae Adulomya 23 5.3 DBu O MoS 
Palaeotaxodonta Nuculida Solemyidae Ovatoconcha 478 470 DBu O MoS 
Heterodonta Lucinida Lucinidae Phacoides 83.6 0.01 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Plastomiltha 66 1.8 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Phenacocyclas 393 372 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Pillucina 16 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Perampliata 164 157 DBu SF/O MoS 
Palaeotaxodonta Nuculida Malletiidae Zeehania 458 441 DBu DF MoS 
Heterodonta Pholadida Vacunellidae Myonia 315 252 DBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Polidevcia 411 20.4 DBu DF/SF MoS 
Heterodonta Lucinida Lucinidae Lucina 388 0 DBu SF/O MoS 
Heterodonta Cardiida Veneridae Pullastra 347 56 DBu SF MoS 
Heterodonta Lucinida Lucinidae Loripes 260 0 DBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Jupiteria 252 0 DBu DF/SF MoS 
Heterodonta Lucinida Mactromyidae Unicardium 252 33.9 DBu SF MoS 
Heterodonta Lucinida Lucinidae Cavilucina 199 1.8 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Pseudomiltha 183 1.8 DBu SF/O MoS 
Heterodonta Cardiida Veneridae Lucinopsis 183 2.6 DBu SF MoS 
Heterodonta Lucinida Lucinidae Epilucina 164 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Jagonoma 164 1.8 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Sphaera 247 93.9 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Mesomiltha 209 56 DBu SF/O MoS 
Palaeotaxodonta Nuculida Malletiidae Malletia 139 0 DBu DF MoS 
Heterodonta Cardiida Veneridae Venerupis 134 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Venus 134 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Callucina 126 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Lucinoma 126 0 DBu SF/O MoS 
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Heterodonta Pholadida Ceratomyidae Gresslya 247 134 DBu SF MoS 
Heterodonta Lucinida Lucinidae Lepilucina 113 5.3 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Mesolinga 166 66 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Myrtea 100 0 DBu SF/O MoS 
Anomalodesmata Poromyida Parilimyidae Procardia 164 66 DBu C MoS 
Heterodonta Lucinida Lucinidae Callucinopsis 89.8 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Miltha 86.3 0 DBu SF/O MoS 
Heterodonta Solenida Pharidae Senis 152 66 DBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Neilo 83.6 0 DBu DF MoS 
Heterodonta Pholadida Ceratomyidae Myopholas 183 100 DBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Anthraconeilo 347 272 DBu DF MoS 
Heterodonta Cardiida Veneridae Resatrix 145 72.1 DBu SF MoS 
Heterodonta Lucinida Lucinidae Gonimyrtea 72.1 0 DBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Saccella 72.1 0 DBu DF/SF MoS 
Heterodonta Lucinida Lucinidae Pteromyrtea 72.1 0.01 DBu SF/O MoS 
Heterodonta Cardiida Arcticidae Veniella 126 56 DBu SF MoS 
Heterodonta Cardiida Cardiidae Granocardium 126 56 DBu SF MoS 
Heterodonta Cardiida Neomiodontidae Crenotrapezium 199 131 DBu SF MoS 
Heterodonta Cardiida Cardiidae Parvicardium 66 0 DBu SF MoS 
Heterodonta Lucinida Lucinidae Barbierella 66 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Eomiltha 66 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Gibbolucina 66 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Here 66 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Microloripes 66 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Monitilora 66 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Prophetilora 66 0 DBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Orthoyoldia 66 0 DBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Poroleda 66 0 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Katherinella 66 0 DBu SF MoS 
Heterodonta Solenida Pharidae Leptosolen 126 61.6 DBu SF MoS 
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Heterodonta Cardiida Cardiidae Plagiocardium 66 1.8 DBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Koenenia 419 359 DBu DF MoS 
Heterodonta Cardiida Icanotiidae Icanotia 126 66 DBu DF MoS 
Heterodonta Lucinida Lucinidae Mutiella 126 66 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Illionia 444 388 DBu SF/O MoS 
Heterodonta Cardiida Veneridae Lamelliconcha 56 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Paphirus 56 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Pitarella 56 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Saxidomus 56 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Saxolucina 66 13.8 DBu SF/O MoS 
Palaeotaxodonta Nuculida Malletiidae Myoplusia 467 419 DBu DF MoS 
Heterodonta Lucinida Lucinidae Bellucina 47.8 0 DBu SF/O MoS 
Heterodonta Cardiida Veneridae Agriopoma 47.8 0 DBu SF MoS 
Heterodonta Lucinida Lucinidae Gigantocyclus 299 252 DBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Nucundata 299 252 DBu DF/SF MoS 
Heterodonta Cardiida Arcticidae Etea 93.9 47.8 DBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Lophoconcha 490 444 DBu DF MoS 
Heterodonta Lucinida Lucinidae Codalucina 66 20.4 DBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Pseudoportlandia 47.8 2.6 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Dosiniopsella 145 100 DBu SF MoS 
Heterodonta Cardiida Veneridae Vectorbis 145 100 DBu SF MoS 
Heterodonta Cardiida Veneridae Grateloupia 56 11.6 DBu SF MoS 
Heterodonta Cardiida Arcticidae Tenea 100 56 DBu SF MoS 
Heterodonta Lucinida Lucinidae Claibornites 72.1 28.1 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Herella 66 23 DBu SF/O MoS 
Heterodonta Cardiida Cardiidae Papillicardium 41.2 0 DBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Dysodonta 433 393 DBu DF MoS 
Palaeotaxodonta Nuculida Malletiidae Australoneilo 72.1 33.9 DBu DF MoS 
Heterodonta Cardiida Veneridae Cytheriopsis 41.2 5.3 DBu SF MoS 
Heterodonta Cardiida Icanotiidae Tancretella 134 100 DBu SF MoS 
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Heterodonta Lucinida Lucinidae Nymphalucina 100 66 DBu SF/O MoS 
Heterodonta Cardiida Veneridae Anofia 100 66 DBu SF MoS 
Heterodonta Cardiida Veneridae Mesocallista 100 66 DBu SF MoS 
Heterodonta Cardiida Veneridae Sechurina 100 66 DBu SF MoS 
Heterodonta Cardiida Cardiidae Serripes 33.9 0 DBu SF MoS 
Heterodonta Lucinida Lucinidae Megaxinus 33.9 0 DBu SF/O MoS 
Heterodonta Cardiida Veneridae Striacallista 33.9 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Ventricolaria 33.9 0 DBu SF MoS 
Heterodonta Lucinida Lucinidae Boeuvia 56 23 DBu SF/O MoS 
Heterodonta Cardiida Veneridae Similivenus 56 23 DBu SF MoS 
Heterodonta Cardiida Cardiidae Schedocardia 66 33.9 DBu SF MoS 
Heterodonta Lucinida Lucinidae Jagolucina 66 33.9 DBu SF/O MoS 
Heterodonta Cardiida Icanotiidae Scittila 145 113 DBu DF MoS 
Heterodonta Pholadida Corbulidae Vokesula 59.2 28.1 DBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Arisaigia 441 411 DBu DF MoS 
Palaeotaxodonta Nuculida Malletiidae Ctenodontella 423 393 DBu DF MoS 
Heterodonta Cardiida Cardiidae Maoricardium 28.1 0 DBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Scaeoleda 28.1 0 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Austrodosinia 28.1 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Phacosoma 28.1 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Ventricoloidea 28.1 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Raina 28.1 1.8 DBu SF MoS 
Heterodonta Cardiida Veneridae Pleiorytis 28.1 2.6 DBu SF MoS 
Heterodonta Cardiida Tellinidae Tellinimera 83.6 59.2 DBu DF/SF MoS 
Heterodonta Lucinida Lucinidae Wallucina 23 0 DBu SF/O MoS 
Heterodonta Cardiida Veneridae Petricolaria 23 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Proxichione 28.1 5.3 DBu SF MoS 
Heterodonta Solenida Pharidae Rzehakia 33.9 11.6 DBu SF MoS 
Heterodonta Lucinida Lucinidae Eophysema 56 33.9 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Parvicorbus 56 33.9 DBu SF/O MoS 
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Heterodonta Cardiida Veneridae Venidia 56 33.9 DBu SF MoS 
Heterodonta Cardiida Veneridae Retrotapes 23 1.8 DBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Zealeda 20.4 0 DBu DF/SF MoS 
Heterodonta Lucinida Lucinidae Superlucina 47.8 28.1 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Milthona 23 5.3 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Viaderella 23 5.3 DBu SF/O MoS 
Heterodonta Cardiida Cardiidae Incacardium 83.6 66 DBu SF MoS 
Heterodonta Solenida Cultellidae Ospriasolen 83.6 66 DBu SF MoS 
Heterodonta Cardiida Veneridae Tikia 83.6 66 DBu SF MoS 
Heterodonta Cardiida Tellinidae Temnoconcha 16 0 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Dosinella 16 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Megapitaria 16 0 DBu SF MoS 
Heterodonta Lucinida Lucinidae Hadralucina 56 41.2 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Armimiltha 16 1.8 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Volupia 47.8 33.9 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Discoloripes 152 139 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Nipponothracia 83.6 72.1 DBu SF/O MoS 
Palaeotaxodonta Nuculida Malletiidae Minormalletia 23 11.6 DBu DF MoS 
Heterodonta Cardiida Veneridae Rohea 23 11.6 DBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Bicrenula 383 372 DBu DF MoS 
Heterodonta Lucinida Lucinidae Paralucinella 33.9 23 DBu SF/O MoS 
Heterodonta Cardiida Veneridae Sinonia 100 89.8 DBu SF MoS 
Heterodonta Cardiida Veneridae Marwickia 66 56 DBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Cadomia 467 458 DBu DF MoS 
Palaeotaxodonta Nuculida Malletiidae Johnmartinia 467 458 DBu DF MoS 
Anomalodesmata Pholadomyida Edmondiidae Notomya 269 260 DBu SF MoS 
Heterodonta Cardiida Veneridae Dosinobia 66 59.2 DBu SF MoS 
Heterodonta Cardiida Veneridae Goshoraia 100 93.9 DBu SF MoS 
Heterodonta Cardiida Veneridae Larma 100 93.9 DBu SF MoS 
Heterodonta Lucinida Lucinidae Haastina 170 164 DBu SF/O MoS 
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Palaeotaxodonta Nuculida Nuculanidae Thestyleda 5.3 0 DBu DF/SF MoS 
Heterodonta Solenida Pharidae Ensiculus 5.3 0 DBu SF MoS 
Heterodonta Lucinida Lucinidae Cerkesia 157 152 DBu SF/O MoS 
Palaeotaxodonta Nuculida Malletiidae Tindariopsis 5.3 1.8 DBu DF MoS 
Heterodonta Cardiida Cardiidae Pseudocatillus 7.2 5.3 DBu SF MoS 
Heterodonta Lucinida Lucinidae Maorithyas 1.8 0 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Bulacanites 5.3 3.6 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Dilora 5.3 3.6 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Eulopia 3.6 2.6 DBu SF/O MoS 
Heterodonta Lucinida Lucinidae Cavatidens 0.01 0.01 DBu SF/O MoS 
Heterodonta Solenida Pharidae Cultellus 237 0 DBu SF/O MoS 
Heterodonta Solenida Solenidae Solen 201 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Dosinia 100 0 DBu SF/O MoS 
Heterodonta Cardiida Cardiidae Pachycardium 145 66 DBu SF/O MoS 
Heterodonta Cardiida Veneridae Macrocallista 72.1 0 DBu SF MoS 
Heterodonta Solenida Solenidae Solena 59.2 0 DBu SF MoS 
Heterodonta Cardiida Solecurtidae Tagelus 37.8 0 DBu SF MoS 
Heterodonta Cardiida Cardiidae Tendagurium 100 66 DBu SF MoS 
Heterodonta Solenida Solenidae Eosolen 59.2 28.1 DBu SF MoS 
Heterodonta Solenida Solenidae Psamosolen 33.9 5.3 DBu SF MoS 
Heterodonta Solenida Solenidae Plectosolen 56 37.8 DBu SF MoS 
Heterodonta Solenida Solenidae Ensisolen 16 0 DBu SF MoS 
Heterodonta Solenida Pharidae Ensis 59.2 0 DBu SF MoS/MoF 
Heterodonta Hiatellida Hiatellidae Panopea 247 0 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Homomya 252 23 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Pholadomya 228 0 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Sanguinolites 445 254 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Arcomya 252 66 DBu SF MoS 
Heterodonta Pholadida Pleuromyidae Pleuromya 252 66 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Pachymya 247 66 DBu SF MoS 
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Anomalodesmata Pholadomyida Pholadomyidae Goniomya 228 66 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Osteomya 247 93.9 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Bucardiomya 183 37.8 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Anomalopleuroides 237 100 DBu SF MoS 
Anomalodesmata Poromyida Verticordiidae Verticordia 113 0 DBu C MoS 
Heterodonta Cardiidia Sanguinolitidae Praeundulomya 359 252 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Chaenomya 315 209 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Cosmomya 347 252 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Wilkingia 347 252 DBu DF MoS 
Heterodonta Cardiidia Sanguinolitidae Myofossa 359 272 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Pentagrammysia 347 272 DBu SF MoS 
Heterodonta Lucinida Lucinidae Divalinga 72.1 0 DBu SF/O MoS 
Anomalodesmata Pholadomyida Pholadomyidae Girardotia 183 113 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Undulomya 315 252 DBu SF MoS 
Heterodonta Pholadida Vacunellidae Vacunella 315 252 DBu SF MoS 
Heterodonta Lucinida Lucinidae Divaricella 61.6 0 DBu SF/O MoS 
Heterodonta Hiatellida Hiatellidae Pseudosaxicava 201 145 DBu SF MoS 
Heterodonta Hiatellida Hiatellidae Saxicavella 56 0 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Exochorhynchus 323 269 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Ragozinia 299 252 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Verchanogrammysia 299 252 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Palaeocosmomya 299 254 DBu SF MoS 
Heterodonta Pholadida Hiatellidae Myopsis 145 100 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Dyasmya 296 252 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Rhytimya 458 419 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Palaeocorbula 299 260 DBu SF MoS 
Heterodonta Hiatellida Hiatellidae Panomya 37.8 0 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Oblicarina 296 260 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Tellinomorpha 347 315 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Alula 272 252 DBu SF MoS 
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Heterodonta Hiatellida Hiatellidae Roxoa 272 252 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Machomya 164 145 DBu SF MoS 
Anomalodesmata Anomalodesmacea Pholadomyacidae Margaritaria 16 2.6 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Tetorimya 170 157 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Neoburmesia 157 145 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Argyromya 47.8 37.8 DBu SF MoS 
Heterodonta Hiatellida Hiatellidae Turneria 11.6 1.8 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Siphogrammysia 269 260 DBu SF MoS 
Heterodonta Cardiidia Sanguinolitidae Sueroa 315 307 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Homoya 164 157 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Arcticlam 66 59.2 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Deltamya 72.1 66 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Dianomya 247 241 DBu SF MoS 
Anomalodesmata Pholadomyida Pholadomyidae Agrawalimya 170 164 DBu SF MoS 
Heterodonta Cardiida Solecurtidae Solecurtus 323 0 DBu SF MoS 
Heterodonta Cardiida Solecurtidae Pharus 126 0 DBu SF MoS 
Heterodonta Cardiida Solecurtidae Azorinus 56 0 DBu SF MoS 
Heterodonta Cardiida Solecurtidae Azor 83.6 33.9 DBu SF MoS 
Heterodonta Cardiida Solecurtidae Sinonovacula 28.1 0 DBu SF MoS 
Heterodonta Cardiida Solecurtidae Mesopleura 16 0 DBu SF MoS 
Palaeotaxodonta Nuculida Tironuculidae Ekaterodonta 478 458 SBu DF MoS 
Palaeotaxodonta Uncertain Tironuculidae Natasia 478 467 SBu SF MoS 
Pteriomorphia Mytilida Mytilidae Volsella 228 0.01 SI SF By/MoS 
Pteriomorphia Cyrtodontida Antipleuridae Jahnia 444 372 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Panenka 427 359 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Hercynella 427 372 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Paracardium 423 372 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Silurina 423 393 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Vevoda 423 393 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Dualina 433 411 SI SF Re 
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Pteriomorphia Cyrtodontida Antipleuridae Sibirinka 444 427 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Antipleura 427 411 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Dexiobia 359 347 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Shanina 467 458 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Praelucina 419 411 SI SF Re 
Pteriomorphia Cyrtodontida Antipleuridae Cabricardium 383 383 SI SF Re 
Pteriomorphia Pterioida Anthraconautidae Anthraconauta 347 260 SI SF By/MoS 
Palaeoheterodonta Actinodontida Palaeomutelidae Nyassa 388 383 SI SF By/MoS 
Pteriomorphia Myalinida Myalinidae Myalina 458 228 SI/SBu SF By/MoS 
Pteriomorphia Myalinida Myalinidae Selenimyalina 347 254 SI/SBu SF By/MoS 
Pteriomorphia Myalinida Myalinidae Orthomyalina 315 254 SI/SBu SF By/MoS 
Pteriomorphia Arcida Matheriidae Metapadia 411 393 SI SF By 
Heterodonta Megalodontida Mecynodontidae Mecynodon 393 383 SI SF By 
Pteriomorphia Pectinida Limidae Pseudolimea 252 61.6 SI SF By 
Pteriomorphia Pectinida Limidae Mysidoptera 252 100 SI SF By 
Pteriomorphia Mytilida Mytilidae Inoperna 209 66 SI SF By 
Pteriomorphia Pectinida Limidae Pseudacesta 228 100 SI SF By 
Pteriomorphia Pectinida Limidae Plicacesta 72.1 0 SI SF By 
Pteriomorphia Pectinida Limidae Elimata 290 252 SI SF By 
Pteriomorphia Pectinida Limidae Calcicanicularia 290 260 SI SF By 
Pteriomorphia Pectinida Limidae Notolimea 28.1 0 SI SF By 
Pteriomorphia Pectinida Limidae Regalilima 170 145 SI SF By 
Pteriomorphia Pectinida Limidae Seymourtula 72.1 56 SI SF By 
Pteriomorphia Pectinida Limidae Gryphellina 272 260 SI SF By 
Pteriomorphia Pectinida Limidae Eolimea 237 228 SI SF By 
Pteriomorphia Arcida Frejidae Freja 426 419 SI SF By 
Pteriomorphia Pectinida Limidae Costellacesta 72.1 66 SI SF By 
Pteriomorphia Myalinida Mysidiellidae Leidapoconcha 247 241 SI SF By 
Pteriomorphia Myalinida Mysidiellidae Qingyaniola 247 241 SI SF By 
Pteriomorphia Myalinida Mysidiellidae Waijiaoella 247 241 SI SF By 
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Pteriomorphia Pectinida Limidae Dimorphoconcha 252 247 SI SF By 
Pteriomorphia Arcida Frejidae Uskardita 427 423 SI SF By 
Pteriomorphia Pectinida Limidae Gemellima 37.8 33.9 SI SF By 
Pteriomorphia Pectinida Limidae Echinorbis 272 272 SI SF By 
Pteriomorphia Mytilida Mytilidae Notobotula 61.6 0 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Megacrenella 47.8 0 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Skarlatella 47.8 0 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Rhomboidella 41.2 0 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Modiomytilus 37.8 5.3 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Semimodiola 66 33.9 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Regoria 86.3 66 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Lithodomina 272 252 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Strimodiolus 157 145 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Mytilops 383 372 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Mytilon 66 59.2 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Modiolina 100 93.9 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Sootryenella 61.6 56 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Austromytilus 5.3 0 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Modiolusia 5.3 0 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Praemytilus 166 164 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Myapalmula 1.8 0 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Rhynchomytilus 157 157 SI SF By/MoS 
Pteriomorphia Arcida Parallelodontidae Catella 237 56 SI SF By 
Pteriomorphia Ostreida Pterineidae Leiopteria 444 269 SI SF By 
Pteriomorphia Arcida Parallelodontidae Nanonavis 201 66 SI SF By 
Pteriomorphia Arcida Parallelodontidae Macrodon 260 152 SI SF By 
Pteriomorphia Arcida Parallelodontidae Indogrammatodon 164 66 SI SF By 
Pteriomorphia Arcida Parallelodontidae Pseudogrammatodon 72.1 0.01 SI SF By 
Pteriomorphia Ostreida Pterineidae Merismopteria 315 252 SI SF By 
Pteriomorphia Arcida Parallelodontidae Porterius 59.2 0 SI SF By 
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Pteriomorphia Arcida Parallelodontidae Cucullaria 61.6 5.3 SI SF By 
Pteriomorphia Ostreida Pterineidae Eurymya 478 441 SI SF By 
Pteriomorphia Arcida Parallelodontidae Notogrammatodon 47.8 11.6 SI SF By 
Pteriomorphia Arcida Parallelodontidae Pleurogrammatodon 100 66 SI SF By 
Pteriomorphia Ostreida Malleidae Gervilleioperna 199 170 SI SF By 
Pteriomorphia Ostreida Pterineidae Palaeopinna 411 383 SI SF By 
Pteriomorphia Arcida Parallelodontidae Nordenskjoeldia 89.8 66 SI SF By 
Pteriomorphia Arcida Parallelodontidae Alytodonta 444 427 SI SF By 
Pteriomorphia Arcida Parallelodontidae Aptolinter 126 113 SI SF By 
Pteriomorphia Arcida Parallelodontidae Cryptochasma 126 113 SI SF By 
Pteriomorphia Ostreida Pterineidae Cheiopteria 423 411 SI SF By 
Pteriomorphia Ostreida Pterineidae Newsomella 427 419 SI SF By 
Pteriomorphia Ostreida Pterineidae Cliopteria 423 419 SI SF By 
Pteriomorphia Arcida Parallelodontidae Macrodontella 241 241 SI SF By 
Palaeoheterodonta Unionida Hyriidae Diplodon 247 5.3 SI SF MoS 
Palaeoheterodonta Modiomorphida Carydiidae Carydium 419 372 SI SF MoS 
Palaeoheterodonta Unionida Hyriidae Antediplodon 228 201 SI SF MoS 
Pteriomorphia Pterioida Lamellotidae Plicatomorpha 458 444 SI SF MoS 
Pteriomorphia Arcida Catamarcaiidae Catamarcaia 478 467 SI SF MoS 
Pteriomorphia Cyrtodontida Falcatodontidae Falcatodonta 478 470 SI SF MoS 
Heterodonta Megalodontida Ceratomyopsidae Ceratomyopsis 183 145 SI SF MoS 
Heterodonta Carditida Hippopodiidae Tusayana 383 372 SI SF MoS 
Heterodonta Megalodontida Ceratomyopsidae Tellurimya 166 164 SI SF MoS 
Heterodonta Carditida Hippopodiidae Hippopodium 199 145 SI SF MoS 
Heterodonta Cardiida Permophoridae Triaphorus 252 209 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Weixiella 209 209 SI SF MoS/By 
Pteriomorphia Pectinida Neitheoidae Weyla 201 164 SI SF MoS 
Pteriomorphia Myalinida Kolymiidae Kolymia 299 252 SI SF By 
Pteriomorphia Myalinida Kolymiidae Taimyrokolymia 269 265 SI SF By 
Pteriomorphia Myalinida Kolymiidae Praekolymia 272 269 SI SF By 
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Pteriomorphia Myalinida Kolymiidae Cyrtokolymia 272 269 SI SF By 
Heterodonta Carditida Cardiniidae Minepharus 237 209 SI SF MoS 
Heterodonta Cardiida Permophoridae Permophorus 347 191 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Ouamouia 228 100 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Netschajewia 315 252 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Pseudosanguinolites 419 359 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Neocypricardinia 347 299 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Pleurophorella 347 299 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Pleurophorina 299 252 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Celtoides 299 260 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Rimmyjimina 290 254 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Pleurodapis 419 388 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Somareoides 237 209 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Pseudopermophorus 272 247 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Bowlandia 347 323 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Siliquimya 347 323 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Pseudopermorphus 272 252 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Cypricardites 458 444 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Stahlia 183 174 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Rimmyjmima 279 272 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Pleurophopsis 28.1 23 SI SF MoS/By 
Heterodonta Cardiida Permophoridae Dyasma 265 260 SI SF MoS/By 
Pteriomorphia Ostreida Cassianellidae Cassianella 296 100 SI SF Re 
Pteriomorphia Arcida Arcidae Dallarca 23 1.8 SI SF By 
Pteriomorphia Arcida Arcidae Samacar 1.8 0 SI SF By 
Pteriomorphia Myalinida Inoceramidae Retroceramus 199 72.1 SI SF By 
Pteriomorphia Myalinida Inoceramidae Mytiloides 191 66 SI SF By 
Pteriomorphia Myalinida Inoceramidae Sergipia 145 66 SI SF By 
Pteriomorphia Myalinida Inoceramidae Spyridoceramus 126 66 SI SF By 
Pteriomorphia Arcida Arcidae Trisidos 56 0 SI SF By 
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Pteriomorphia Myalinida Inoceramidae Anopaea 152 100 SI SF By 
Pteriomorphia Myalinida Inoceramidae Inoceramya 100 66 SI SF By 
Pteriomorphia Myalinida Inoceramidae Cordiceramus 93.9 66 SI SF By 
Pteriomorphia Myalinida Inoceramidae Platyceramus 93.9 66 SI SF By 
Pteriomorphia Myalinida Inoceramidae Permoceramus 296 269 SI SF By 
Pteriomorphia Arcida Arcidae Senilia 23 0 SI SF By 
Pteriomorphia Myalinida Inoceramidae Arcopagiopsis 56 33.9 SI SF By 
Pteriomorphia Myalinida Inoceramidae Intodesma 272 252 SI SF By 
Pteriomorphia Myalinida Inoceramidae Arcticeramus 164 145 SI SF By 
Pteriomorphia Myalinida Inoceramidae Neoinoceramus 33.9 16 SI SF By 
Pteriomorphia Myalinida Inoceramidae Volviceramus 89.8 72.1 SI SF By 
Pteriomorphia Myalinida Inoceramidae Trochoceramus 83.6 66 SI SF By 
Pteriomorphia Myalinida Inoceramidae Arctomytiloides 199 183 SI SF By 
Pteriomorphia Myalinida Inoceramidae Tethyoceramus 100 86.3 SI SF By 
Pteriomorphia Myalinida Inoceramidae Fractoceramus 174 164 SI SF By 
Pteriomorphia Myalinida Inoceramidae Mytiloceramus 174 164 SI SF By 
Pteriomorphia Myalinida Inoceramidae Striatoceramus 174 164 SI SF By 
Pteriomorphia Myalinida Inoceramidae Cladoceramus 89.8 83.6 SI SF By 
Pteriomorphia Myalinida Inoceramidae Magadiceramus 89.8 83.6 SI SF By 
Pteriomorphia Myalinida Inoceramidae Turkmenia 131 126 SI SF By 
Pteriomorphia Myalinida Inoceramidae Sphenoceramus 86.3 83.6 SI SF By 
Pteriomorphia Cyrtodontida Cardiolidae Pygolfia 423 252 SI SF By/MoS 
Heterodonta Carditida Carditidae Schizocardita 209 100 SI SF By/MoS 
Heterodonta Carditida Carditidae Pseudopis 191 174 SI SF By/MoS 
Heterodonta Carditida Carditidae Carditomantea 419 411 SI SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Isiola 426 419 SI SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Cardavia 433 427 SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Coxesia 265 260 SI SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Cardiolita 423 419 SI SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Snoopyia 419 419 SI SF By/MoS 
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Pteriomorphia Pterioida Bakevelliidae Bakevellia 323 66 SI SF By 
Pteriomorphia Arcida Noetiidae Noetia 164 0 SI SF By 
Pteriomorphia Pterioida Bakevelliidae Gervillella 228 66 SI SF By 
Pteriomorphia Pterioida Bakevelliidae Hoernesia 252 100 SI SF By 
Pteriomorphia Pterioida Bakevelliidae Langsonella 252 100 SI SF By 
Pteriomorphia Pterioida Bakevelliidae Songdaella 228 100 SI SF By 
Pteriomorphia Pterioida Bakevelliidae Bakevelloides 252 145 SI SF By 
Pteriomorphia Pectinida Aviculopectiniidae Limatulina 347 254 SI SF By 
Pteriomorphia Pectinida Aviculopectiniidae Hayasakapecten 323 252 SI SF By 
Heterodonta Cardiida Kalenteridae Stutchburia 323 252 SI SF By 
Heterodonta Cardiida Kalenteridae Kalentera 228 164 SI SF By 
Pteriomorphia Pterioida Bakevelliidae Euptera 126 66 SI SF By 
Palaeoheterodonta Modiomorphida Allodesmatidae Ischyrodonta 478 427 SI SF By 
Pteriomorphia Myalinida Myalinidae Liebea 299 252 SI SF By 
Pteriomorphia Pterioida Bakevelliidae Towapteria 296 250 SI SF By 
Heterodonta Cardiida Kalenteridae Pseudomyoconcha 252 209 SI SF By 
Pteriomorphia Myalinida Inoceramidae Pseudomytiloides 209 170 SI SF By 
Heterodonta Cardiida Kalenteridae Modiella 411 383 SI SF By 
Pteriomorphia Arcida Noetiidae Eontia 23 0 SI SF By 
Heterodonta Hippuritida Monopteriidae Monopteria 315 296 SI SF By 
Pteriomorphia Arcida Noetiidae Vetoarca 83.6 66 SI SF By 
Pteriomorphia Myalinida Ambonychiidae Follmannia 408 393 SI SF By 
Palaeoheterodonta Modiomorphida Allodesmatidae Anodontopsis 433 419 SI SF By 
Pteriomorphia Myalinida Ambonychiidae Silurinka 433 419 SI SF By 
Pteriomorphia Pterioida Bakevelliidae Aviculoperna 47.8 33.9 SI SF By 
Pteriomorphia Myalinida Ambonychiidae Allonychia 458 445 SI SF By 
Pteriomorphia Arcida Noetiidae Verilarca 11.6 0 SI SF By 
Pteriomorphia Pterioida Bakevelliidae Gervillancea 237 228 SI SF By 
Pteriomorphia Myalinida Ambonychiidae Anomalodonta 453 445 SI SF By 
Pteriomorphia Pterioida Bakevellidae Gervilletia 191 183 SI SF By 
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Pteriomorphia Arcida Noetiidae Spinearca 5.3 0 SI SF By 
Palaeoheterodonta Modiomorphida Allodesmatidae Allodesma 458 453 SI SF By 
Pteriomorphia Arcida Noetiidae Stenzelia 41.2 37.8 SI SF By 
Pteriomorphia Arcida Noetiidae Noetiella 1.8 0 SI SF By 
Pteriomorphia Myalinida Ambonychiidae Enkelbergia 372 372 SI SF By 
Heterodonta Cardiida Kalenteridae Healeya 209 209 SI SF By 
Pteriomorphia Ostreida Malleidae Waagenoperna 265 100 SI SF By/MoS 
Palaeotaxodonta Nuculida Ctenodontidae Clinopistha 419 269 SI DF/SF By/MoS 
Palaeotaxodonta Nuculida Ctenodontidae Praectenodonta 427 393 SI DF/SF By/MoS 
Palaeotaxodonta Nuculida Ctenodontidae Aloconcha 467 458 SI DF/SF By/MoS 
Palaeotaxodonta Nuculida Ctenodontidae Tellinopsis 388 383 SI DF/SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Aleodonta 426 423 SI SF By/MoS 
Pteriomorphia Arcida Parallelodontidae Parallelodon 478 66 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Colpomya 470 157 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Goniophora 478 260 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Modiomorpha 458 241 SI SF By/MoS 
Palaeotaxodonta Nuculida Ctenodontidae Ctenodonta 490 347 SI DF/SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Aristerella 458 315 SI SF By/MoS 
Pteriomorphia Myalinida Myalinidae Myalinella 388 247 SI SF By/MoS 
Palaeotaxodonta Nuculida Ctenodontidae Mesoneilo 228 100 SI DF/SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Cosmogoniophora 485 359 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Megambonia 444 331 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Spathella 408 315 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Cymatonota 470 383 SI SF By/MoS 
Palaeotaxodonta Nuculida Ctenodontidae Tancrediopsis 467 383 SI DF/SF By/MoS 
Palaeotaxodonta Nuculida Ctenodontidae Dystactella 467 388 SI DF/O/DF By/MoS 
Pteriomorphia Myalinida Myalinidae Posidoniella 359 296 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Hippomya 478 419 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Orthodesma 470 419 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Sphenotomorpha 419 372 SI SF By/MoS 
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Palaeoheterodonta Modiomorphida Modiomorphidae Taimyria 299 252 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Dceruska 467 427 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Eurymyella 458 419 SI SF By/MoS 
Pteriomorphia Myalinida Myalinidae Elversella 304 265 SI SF By/MoS 
Pteriomorphia Mytilida Modiolopsidae Dipleurodonta 478 444 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Radiatodonta 423 393 SI SF By/MoS 
Pteriomorphia Myalinida Myalinidae Pseudomyalina 296 269 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Guerangeria 419 393 SI SF By/MoS 
Pteriomorphia Myalinida Myalinidae Promyalina 272 247 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Modiolodon 467 444 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Prolobella 458 441 SI SF By/MoS 
Pteriomorphia Mytilida Modiolopsidae Paramodiola 458 441 SI SF By/MoS 
Pteriomorphia Mytilida Modiolopsidae Ectenocardiomorpha 458 444 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Callodonta 458 444 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Pyanomya 458 444 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Semicorallidomus 458 444 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Whiteavesia 458 444 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Byssodesma 458 445 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Saffordia 458 445 SI SF By/MoS 
Pteriomorphia Arcida Parallelodontidae Pichleria 241 228 SI SF By/MoS 
Pteriomorphia Mytilida Modiolopsidae Runnegaria 470 458 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Liromytilus 393 383 SI SF By/MoS 
Pteriomorphia Myalinida Myalinidae Novaculapermia 279 269 SI SF By/MoS 
Pteriomorphia Pterioida Ahtioconchidae Ahtioconcha 467 458 SI SF By/MoS 
Pteriomorphia Mytilida Modiolopsidae Costaledopsis 453 444 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Parallelodus 478 470 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Butovicella 426 419 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Modiodonta 427 423 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Mimerodonta 423 419 SI SF By/MoS 
Palaeoheterodonta Modiomorphida Modiomorphidae Palanatina 254 252 SI SF By/MoS 
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Palaeoheterodonta Modiomorphida Modiomorphidae Pholadomorpha 453 445 SI SF By/MoS 
Pteriomorphia Ostreida Rhombopteriidae Rhombopteria 427 411 SI SF By/Re 
Pteriomorphia Myalinida Inoceramidae Neocomiceramus 134 100 SI SF By/Re 
Pteriomorphia Myalinida Inoceramidae Endocostea 86.3 66 SI SF Ce 
Pteriomorphia Myalinida Inoceramidae Birostrina 145 93.9 SI SF Ce/By/Re 
Pteriomorphia Myalinida Inoceramidae Inoceramus 100 66 SI SF Ce/By/Re 
Pteriomorphia Myalinida Inoceramidae Cremnoceramus 93.9 66 SI SF Ce/By/Re 
Pteriomorphia Myalinida Inoceramidae Cataceramus 86.3 66 SI SF Ce/By/Re 
Palaeotaxodonta Nuculida Isoarcidae Isoarca 191 61.6 SI DF MoS 
Heterodonta Carditida Cardiniidae Tellidorella 33.9 0 SI SF MoS 
Heterodonta Cardiida Neoleptonidae Neolepton 28.1 0 SI SF MoS 
Heterodonta Cardiida Neoleptonidae Puyseguria 28.1 0 SI SF MoS 
Palaeoheterodonta Actinodontida Intihuarellidae Cienagomya 490 467 SI SF MoS 
Palaeoheterodonta Actinodontida Intihuarellidae Intihuarella 490 478 SI SF MoS 
Heterodonta Cardiida Neoleptonidae Bernardina 2.6 0 SI SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Steinmanella 157 66 SI SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Yaadia 131 66 SI SF MoS 
Heterodonta Cardiida Vesicomyidae Vesicomya 83.6 0 SI O MoS 
Heterodonta Cardiida Neoleptonidae Curionia 247 174 SI SF MoS 
Heterodonta Cardiida Vesicomyidae Calyptogena 37.8 0 SI O MoS 
Heterodonta Cardiida Vesicomyidae Hubertschenckia 47.8 23 SI O MoS 
Heterodonta Cardiida Vesicomyidae Waisiuconcha 23 0 SI O MoS 
Heterodonta Cardiida Vesicomyidae Pliocardia 23 2.6 SI O MoS 
Heterodonta Carditida Cardiniidae Cypricardinia 490 254 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Cyrtodontula 478 296 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Cyrtodonta 478 393 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Ptychodesma 458 388 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Matheria 458 419 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Macrodesma 458 423 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Vanuxemia 470 444 SI SF MoS/By 
360 
Pteriomorphia Cyrtodontida Cyrtodontidae Heikea 458 444 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Thorslundia 458 444 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Warburgia 458 444 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Pharcidoconcha 478 467 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Dickinsartella 296 290 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Yonginella 423 419 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Vigorniella 419 419 SI SF MoS/By 
Pteriomorphia Cyrtodontida Cyrtodontidae Ortonella 453 445 SI SF MoS/By 
Pteriomorphia Myalinida Inoceramidae Parainoceramus 228 131 SI SF 
 
Pteriomorphia Arcida Arcidae Cunearca 47.8 0 SI/SBu SF By/MoS 
Pteriomorphia Arcida Arcidae Scapharca 33.9 0 SI/SBu SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Cardiola 433 347 SI/SE SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Cardiobeleba 427 423 SI/SE SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Nutricula 426 423 SI/SE SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Cardicarnia 427 426 SI/SE SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Cardiolopsis 427 426 SI/SE SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Carnalpia 427 426 SI/SE SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Cominicula 427 426 SI/SE SF By/MoS 
Pteriomorphia Pterioida Bakevelliidae Gervillia 315 37.8 SI/SE SF By 
Pteriomorphia Ostreida Pterineidae Leptodesma 458 252 SI/SE SF By 
Pteriomorphia Ostreida Pterineidae Actinopteria 444 272 SI/SE SF By 
Pteriomorphia Pterioida Bakevellidae Cuneigervillia 201 100 SI/SE SF By 
Pteriomorphia Myalinida Ambonychiidae Ambonychiopsis 467 423 SI/SE SF By 
Pteriomorphia Arcida Arcidae Sectiarca 11.6 0 SI/SE SF SBu/By 
Pteriomorphia Ostreida Arcidae Caloosarca 16 0.01 SI/SE SF By 
Heterodonta Cardiida Veneridae Meretrix 113 0 SI SF MoS 
Heterodonta Cardiida Veneridae Circe 61.6 0 SI SF MoS 
Heterodonta Cardiida Veneridae Chionopsis 33.9 0 SI SF MoS 
Heterodonta Cardiida Veneridae Gnidiella 33.9 0 SI SF MoS 
Heterodonta Cardiida Veneridae Securella 33.9 1.8 SI SF MoS 
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Heterodonta Cardiida Veneridae Eomeretrix 59.2 33.9 SI SF MoS 
Heterodonta Cardiida Veneridae Plesiastarte 56 33.9 SI SF MoS 
Heterodonta Cardiida Veneridae Psathura 56 33.9 SI SF MoS 
Heterodonta Cardiida Veneridae Liromissus 23 5.3 SI SF MoS 
Heterodonta Cardiida Veneridae Anomalodiscus 11.6 0 SI SF MoS 
Heterodonta Cardiida Veneridae Melosia 20.4 11.6 SI SF MoS 
Heterodonta Cardiida Veneridae Mesochione 72.1 66 SI SF MoS 
Heterodonta Cardiida Veneridae Iliochione 5.3 0 SI SF MoS 
Heterodonta Cardiida Veneridae Laevicirce 5.3 0 SI SF MoS 
Heterodonta Cardiida Veneridae Chionista 1.8 0 SI SF MoS 
Heterodonta Cardiida Veneridae Microcirce 1.8 0 SI SF MoS 
Heterodonta Cardiida Veneridae Redicirce 1.8 0 SI SF MoS 
Heterodonta Cardiida Veneridae Chione 59.2 0 SI SF MoS 
Heterodonta Cardiidia Grammysiidae Grammysioidea 427 299 SI SF MoS/By 
Heterodonta Carditida Crassatellidae Crassinella 113 0 SI/SBu SF By/MoS 
Heterodonta Carditida Crassatellidae Eucrassatella 66 0 SI/SBu SF MoS 
Heterodonta Carditida Crassatellidae Hybolophus 23 0 SI/SBu SF MoS 
Palaeoheterodonta Unionida Actinodontophoridae Nakamuranaia 164 113 SBu SF MoS 
Palaeoheterodonta Unionida Actinodontophoridae Actinodontophora 272 252 SBu SF MoS 
Palaeoheterodonta Unionida Actinodontophoridae Palaeopharus 237 209 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Pyramus 323 252 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Megadesmus 315 247 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Ochotomya 252 201 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Astartila 299 252 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Pleurikodonta 299 252 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Casterella 299 260 SBu SF MoS 
Pteriomorphia Arcida Megadesmidae Cleobis 299 265 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Unklesbyella 323 296 SBu SF MoS 
Heterodonta Pholadida Vacunellidae Australomya 299 272 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Cowperesia 272 247 SBu SF MoS 
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Anomalodesmata Pholadomyida Megadesmidae Crassiconcha 272 252 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Guiratingia 290 272 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Jacquesia 269 260 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Leinzia 269 260 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Beurlenella 260 254 SBu SF MoS 
Anomalodesmata Pholadomyida Megadesmidae Huabiella 269 265 SBu SF MoS 
Heterodonta Cardiida Kelliellidae Lutetia 56 33.9 SBu SF By 
Palaeotaxodonta Nuculida Nuculanidae Mesosaccella 209 47.8 SBu DF/SF MoS 
Palaeoheterodonta Trigoniida Trigonodidae Unionites 254 100 SBu SF MoS 
Palaeoheterodonta Unionida Pachycardiidae Trigonodus 252 100 SBu SF MoS 
Heterodonta Cardiida Neomiodontidae Eomiodon 201 93.9 SBu SF MoS 
Heterodonta Cardiida Sowerbyidae Rhaetidia 201 100 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigonodidae Cardinioides 265 183 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigonodidae Anodontophora 269 209 SBu SF MoS 
Palaeoheterodonta Actinodontida Cycloconchidae Actinodonta 478 423 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Lithorhadia 66 11.6 SBu DF/SF MoS 
Heterodonta Cardiida Pollicidae Pollex 113 66 SBu SF MoS 
Heterodonta Cardiida Neomiodontidae Musculiopsis 145 100 SBu SF MoS 
Heterodonta Cardiida Neomiodontidae Protocyprina 145 100 SBu SF MoS 
Heterodonta Cardiida Sowerbyidae Sowerbya 183 139 SBu SF MoS 
Heterodonta Cardiida Neomiodontidae Neomiodon 170 131 SBu SF MoS 
Palaeoheterodonta Unionida Pachycardiidae Pachycardia 247 209 SBu SF MoS 
Heterodonta Cardiida Neomiodontidae Pseudasaphis 100 66 SBu SF MoS 
Heterodonta Cardiida Sowerbyidae Paratancredia 174 145 SBu SF MoS 
Heterodonta Cardiida Neomiodontidae Neritra 93.9 66 SBu SF MoS 
Palaeoheterodonta Actinodontida Cycloconchidae Cycloconcha 467 445 SBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Sluha 458 444 SBu DF MoS 
Heterodonta Cardiida Neomiodontidae Cyrenopsis 126 113 SBu SF MoS 
Palaeoheterodonta Actinodontida Cycloconchidae Famatinadonta 478 467 SBu SF MoS 
Palaeotaxodonta Nuculida Thoraliidae Thoralia 478 467 SBu DF MoS 
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Palaeoheterodonta Actinodontida Cycloconchidae Ananterodonta 467 458 SBu SF MoS 
Palaeoheterodonta Actinodontida Cycloconchidae Copidens 467 458 SBu SF MoS 
Palaeoheterodonta Actinodontida Cycloconchidae Carminodonta 478 470 SBu SF MoS 
Palaeoheterodonta Actinodontida Cycloconchidae Fortowensia 478 470 SBu SF MoS 
Palaeoheterodonta Actinodontida Cycloconchidae Moridunia 478 470 SBu SF MoS 
Pteriomorphia Pectinida Nuculanidae Politoleda 20.4 16 SBu DF/SF MoS 
Anomalodesmata Thraciida Myochamidae Hunkydora 3.6 0 SBu SF MoS 
Pteriomorphia Cyrtodontida Buchiolidae Acuticosta 59.2 56 SBu SF MoS 
Anomalodesmata Thraciida Myochamidae Myadoropsis 1.8 0 SBu SF MoS 
Pteriomorphia Cyrtodontida Buchiolidae Glyptohallicardia 383 383 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Indonuculana 164 164 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nucularcidae Sthenodonta 470 458 SBu DF MoS/By 
Palaeotaxodonta Nuculida Nucularcidae Nucularca 453 444 SBu DF MoS/By 
Palaeotaxodonta Nuculida Nuculanidae Nuculana 478 0 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Xiaoschuiculana 209 1.8 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Malletiidae Phaenodesmia 247 72.1 SBu DF MoS 
Palaeotaxodonta Nuculida Nuculanidae Eleganuculana 228 100 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Veteranella 209 100 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Malletiidae Prosoleptus 247 209 SBu DF MoS 
Palaeotaxodonta Nuculida Polidevciidae Ryderia 209 174 SBu DF MoS 
Palaeotaxodonta Nuculida Palaeoconchidae Palaeoentolium 252 100 SBu SF MoS 
Heterodonta Carditida Crassatellidae Isopristes 228 100 SBu SF MoS 
Heterodonta Cardiida Palaeocarditidae Palaeocardita 265 174 SBu SF MoS 
Uncertain Uncertain Antactinodiontidae Antactinodion 419 393 SBu DF MoS 
Heterodonta Lucinida Lucinidae Codakia 152 0 SBu SF/O MoS 
Pteriomorphia Cyrtodontida Praecardiidae Opisthocoelus 423 372 SBu SF By/MoS 
Pteriomorphia Cyrtodontida Praecardiidae Glyptocardia 388 383 SBu SF By/MoS 
Pteriomorphia Cyrtodontida Praecardiidae Manulicula 426 423 SBu SF By/MoS 
Palaeotaxodonta Nuculida Praenuculidae Praenucula 478 423 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Similodonta 467 423 SBu DF MoS 
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Palaeotaxodonta Nuculida Praenuculidae Palaeoconcha 470 427 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Nuculodonta 433 393 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Ledopsis 423 393 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Bicrenucula 444 427 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Concavodonta 458 444 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Eritropis 470 458 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Homilodonta 453 441 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Pseudonucula 272 260 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Afganodesma 478 467 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Dulcineaia 467 458 SBu SF MoS 
Palaeotaxodonta Nuculida Praenuculidae Tironucula 467 458 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Pensarnia 478 470 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Fidera 458 453 SBu DF MoS 
Palaeotaxodonta Nuculida Praenuculidae Habonucula 199 145 SBu DF MoS 
Pteriomorphia Cyrtodontida Praecardiidae Mucopraeca 372 372 SBu SF MoS 
Heterodonta Cardiida Glossidae Meiocardia 72.1 0 SBu SF By/MoS 
Pteriomorphia Ostreida Vlastidae Vlasta 458 269 SBu SF By/MoS 
Heterodonta Carditida Carditidae Venericardia 139 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Megacardita 56 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Tutcheria 228 174 SBu SF By/MoS 
Heterodonta Carditida Carditidae Trapezicardita 145 100 SBu SF By/MoS 
Heterodonta Carditida Carditidae Pacificor 72.1 33.9 SBu SF By/MoS 
Heterodonta Carditida Carditidae Venericor 72.1 33.9 SBu SF By/MoS 
Heterodonta Carditida Carditidae Vetericardiella 89.8 61.6 SBu SF By/MoS 
Heterodonta Carditida Carditidae Venericardiella 83.6 66 SBu SF By/MoS 
Heterodonta Carditida Carditidae Leuroactis 56 47.8 SBu SF By/MoS 
Heterodonta Carditida Carditidae Subvenericardia 72.1 66 SBu SF By/MoS 
Pteriomorphia Cyrtodontida Cardiolidae Copenychia 433 427 SBu SF By/MoS 
Heterodonta Carditida Carditidae Verticipronus 5.3 0 SBu SF By/MoS 
Pteriomorphia Cyrtodontida Slavidae Slava 439 423 SBu SF By/MoS 
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Pteriomorphia Cyrtodontida Praecardiidae Praecardium 427 359 SBu SF By/MoS 
Pteriomorphia Cyrtodontida Praecardiidae Euthydesma 439 372 SBu SF By/MoS 
Pteriomorphia Colpomyida Colpomyidae Pseudocolpomya 458 444 SBu SF By/MoS 
Pteriomorphia Colpomyida Colpomyidae Colpantyx 478 467 SBu SF By/MoS 
Pteriomorphia Colpomyida Colpomyidae Xestoconcha 478 470 SBu SF By/MoS 
Pteriomorphia Cyrtodontida Praecardiidae Telycardia 433 427 SBu SF By/MoS 
Palaeotaxodonta Nuculida Nuculidae Nucula 478 0 SBu DF/SF MoS 
Heterodonta Cardiida Glossidae Glossus 423 0 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Nuculoidea 441 37.8 SBu DF/SF MoS 
Palaeoheterodonta Trigoniida Schizodidae Schizodus 423 174 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Nuculopsis 411 247 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculidae Pectinucula 145 5.3 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculidae Leionucula 134 0 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculidae Truncacila 126 0 SBu DF/SF MoS 
Heterodonta Cardiida Glossidae Isocardia 113 2.6 SBu SF MoS 
Palaeotaxodonta Nuculida Cardiolariidae Deceptrix 478 393 SBu DF MoS 
Palaeotaxodonta Nuculida Nuculidae Nuculavus 331 252 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculidae Ennucula 66 0 SBu DF/SF MoS 
Heterodonta Cardiida Glossidae Miocardiopsis 72.1 11.6 SBu SF MoS 
Heterodonta Cardiida Cardiliidae Cardilia 59.2 0 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Lamellinucula 59.2 0 SBu DF/SF MoS 
Heterodonta Cardiida Glossidae Cytherocardia 59.2 5.3 SBu SF MoS 
Palaeotaxodonta Nuculida Cardiolariidae Cardiolaria 470 419 SBu DF MoS 
Palaeotaxodonta Nuculida Nuculidae Varinucula 47.8 0 SBu DF/SF MoS 
Palaeoheterodonta Trigoniida Schizodidae Heteroschizodus 299 252 SBu SF MoS 
Palaeoheterodonta Trigoniida Schizodidae Eoastarte 299 252 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Pronucula 41.2 0 SBu DF/SF MoS 
Anomalodesmata Thraciida Myochamidae Myadora 37.8 0 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Deminucula 37.8 0 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculidae Brevinucula 33.9 0 SBu DF/SF MoS 
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Palaeotaxodonta Nuculida Nuculidae Linucula 33.9 0 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Cardiolariidae Inaequidens 470 441 SBu DF MoS 
Palaeotaxodonta Nuculida Nuculidae Economolopsis 323 296 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculidae Notonucula 419 393 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Malletiidae Yoldioides 126 100 SBu DF MoS 
Palaeoheterodonta Trigoniida Schizodidae Kaibabella 279 254 SBu SF MoS 
Heterodonta Cardiida Glossidae Blagraveia 56 33.9 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Iheringinucula 37.8 16 SBu DF/SF MoS 
Heterodonta Cardiida Cyamiidae Kidderia 20.4 0 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Similiconcha 408 388 SBu DF/SF MoS 
Palaeoheterodonta Trigoniida Sinodoridae Sinodora 408 388 SBu SF MoS 
Heterodonta Cardiida Glossidae Rakhia 56 37.8 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Lissanucula 23 5.3 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculidae Pseudoleda 423 408 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Malletiidae Taimyrodon 252 237 SBu DF MoS 
Palaeoheterodonta Trigoniida Pseudocardiniidae Pseudocardinia 164 152 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Similoconcha 393 383 SBu DF/SF MoS 
Heterodonta Cardiida Glossidae Aralocardia 37.8 28.1 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Gibbonucula 56 47.8 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Malletiidae Spathelopsis 323 315 SBu DF MoS 
Palaeotaxodonta Nuculida Nuculidae Nuculanella 315 307 SBu DF/SF MoS 
Palaeoheterodonta Trigoniida Schizodidae Silurozodus 100 93.9 SBu SF MoS 
Heterodonta Cardiida Cyamiidae Perrierina 5.3 0 SBu SF MoS 
Heterodonta Cardiida Isocyprinidae Argenticyprina 131 126 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Austronucula 59.2 56 SBu DF/SF MoS 
Heterodonta Cardiida Isocyprinidae Austrocyprina 145 145 SBu SF MoS 
Palaeoheterodonta Trigoniida Pseudocardiniidae Fengjiachonia 199 145 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Trigonia 299 56 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Palaeonucula 347 113 SBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculidae Nuculoma 247 13.8 SBu DF/SF MoS 
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Palaeotaxodonta Nuculida Manzanellidae Nucinella 228 0 SBu O MoS 
Palaeotaxodonta Nuculida Nuculidae Trigonucula 252 100 SBu DF/SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Guineana 252 100 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Minetrigonia 237 100 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Psilotrigonia 199 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Maoritrigonia 228 100 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Prorotrigonia 228 100 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculidae Acila 126 0 SBu DF/SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Oistotrigonia 164 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Rutitrigonia 164 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Nipponitrigonia 170 72.1 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Iotrigonia 157 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Linotrigonia 157 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Eselaevitrigonia 152 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Pisotrigonia 152 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Megatrigonia 145 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Notoscabrotrigonia 145 72.1 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Buchotrigonia 152 83.6 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Heterotrigonia 157 93.9 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Quadratotrigonia 152 89.8 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Myophorigonia 228 166 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Korobkovitrigonia 131 72.1 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Vaugonia 201 145 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Eotrigonia 59.2 5.3 SBu SF MoS 
Palaeotaxodonta Nuculida Manzanellidae Huxleyia 47.8 0 SBu O MoS 
Palaeoheterodonta Trigoniida Trigoniidae Lyroschizodus 299 252 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Yeharella 113 66 SBu SF MoS 
Palaeotaxodonta Nuculida Manzanellidae Posterodonta 145 100 SBu O MoS 
Palaeoheterodonta Trigoniida Trigoniidae Malagastrigonia 170 126 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Opisthotrigonia 157 113 SBu SF MoS 
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Palaeoheterodonta Trigoniida Trigoniidae Indotrigonia 170 131 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Syrotrigonia 152 113 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Pseudomyophorella 170 134 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Nototrigonia 134 100 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Sphenotrigonia 134 100 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Pacitrigonia 100 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Pleurotrigonia 126 93.9 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Geratrigonia 201 174 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Litschkovitrigonia 139 113 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Callitrigonia 126 100 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Turbitrigonia 152 131 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Kumatrigonia 228 209 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Neuquenenitrigonia 183 164 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Scaphotrigonia 183 164 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Mediterraneotrigonia 131 113 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Mesotrigonia 83.6 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Microtrigonia 83.6 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Neotrigonia 16 0 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Latitrigonia 170 157 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Virgotrigonia 152 139 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Arabitrigonia 126 113 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Setotrigonia 83.6 72.1 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Quoiecchia 134 126 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Asiatotrigonia 100 93.9 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Climacotrigonia 100 93.9 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Skwarkoella 72.1 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Paranditrigonia 145 139 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Promyophorella 139 134 SBu SF MoS 
Palaeotaxodonta Nuculida Manzanellidae Manzanella 272 269 SBu O MoS 
Palaeoheterodonta Trigoniida Trigoniidae Zaletrigonia 134 131 SBu SF MoS 
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Palaeoheterodonta Trigoniida Trigoniidae Nakanotrigonia 86.3 83.6 SBu SF MoS 
Palaeoheterodonta Trigoniida Trigoniidae Ibotrigonia 164 164 SBu SF MoS 
Heterodonta Cardiida Trigoniidae Haidaia 164 164 SBu SF MoS 
Heterodonta Carditida Cardiniidae Cardinia 252 145 SBu SF MoS 
Heterodonta Carditida Cardiniidae Torastarte 209 191 SBu SF MoS 
Pteriomorphia Cyrtodontida Slavidae Slavinka 427 419 SBu/SI SF By/MoS 
Heterodonta Carditida Carditidae Cardita 228 0 SBu/SE SF By/MoS 
Heterodonta Carditida Carditidae Jesonia 37.8 0 SBu/SE SF By/MoS 
Anomalodesmata Poromyida Cuspidariidae Cuspidaria 237 0 SBu C By/MoS 
Anomalodesmata Poromyida Cuspidariidae Cardiomya 100 0 SBu C By/MoS 
Anomalodesmata Poromyida Cuspidariidae Halonympha 72.1 0 SBu C By/MoS 
Anomalodesmata Poromyida Cuspidariidae Plectodon 33.9 0 SBu C By/MoS 
Anomalodesmata Poromyida Cuspidariidae Fabagella 56 33.9 SBu C By/MoS 
Anomalodesmata Poromyida Cuspidariidae Bowdenia 23 5.3 SBu C By/MoS 
Anomalodesmata Poromyida Cuspidariidae Boriesia 66 56 SBu C By/MoS 
Heterodonta Cardiida Cardiidae Hemicardium 427 0.01 SBu SF MoS 
Heterodonta Cardiida Arcticidae Pygocardia 423 1.8 SBu SF MoS 
Heterodonta Cardiida Cardiidae Lunulicardium 423 2.6 SBu SF MoS 
Heterodonta Lucinida Mactromyidae Paracyclas 427 174 SBu SF MoS 
Heterodonta Cardiida Cardiidae Pratulum 241 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Latona 237 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Protocardium 237 0.01 SBu SF MoS 
Anomalodesmata Pholadomyida Edmondiidae Edmondia 458 252 SBu SF MoS 
Anomalodesmata Pholadomyida Edmondiidae Allorisma 419 252 SBu SF MoS 
Heterodonta Cardiida Arcticidae Arctica 166 0 SBu SF MoS 
Heterodonta Cardiida Arcticidae Anisocardia 199 33.9 SBu SF MoS 
Heterodonta Cardiida Cardiidae Trifaricardium 145 0 SBu SF MoS 
Pteriomorphia Arcida Lucinidae Cyclas 145 0.01 SBu SF/O MoS 
Heterodonta Cardiida Psammobiidae Gari 139 0 SBu DF MoS 
Heterodonta Lucinida Mactromyidae Mactromya 247 113 SBu SF MoS 
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Heterodonta Cardiida Cardiidae Tulongcardium 228 100 SBu SF MoS 
Heterodonta Lucinida Lucinidae Parvilucina 113 0 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Paphia 113 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Vietnrinacardium 209 100 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Veloritina 174 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Pitar 100 0 SBu SF MoS 
Anomalodesmata Pholadomyida Edmondiidae Scaldia 359 260 SBu SF MoS 
Heterodonta Cardiida Lucinidae Myrtaea 100 1.8 SBu SF/O MoS 
Heterodonta Cardiida Arcticidae Venilicardia 164 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Tapes 93.9 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Fragum 89.8 0 SBu SF/O MoS 
Heterodonta Cardiida Cardiidae Agnocardia 86.3 0.01 SBu SF MoS 
Heterodonta Cardiida Cardiidae Vepricardium 83.6 0 SBu SF MoS 
Heterodonta Lucinida Lucinidae Ctena 83.6 0 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Pseudaphrodina 145 61.6 SBu SF MoS 
Heterodonta Cardiida Veneridae Calva 145 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Legumen 145 66 SBu SF MoS 
Heterodonta Cardiida Arcticidae Proveniella 139 66 SBu SF MoS 
Heterodonta Solenida Cultellidae Pharella 72.1 0 SBu SF MoS 
Heterodonta Lucinida Lucinidae Cavilinga 72.1 0 SBu SF/O MoS 
Heterodonta Lucinida Mactromyidae Palaeolucina 323 254 SBu SF MoS 
Heterodonta Lucinida Lucinidae Schafhaeutlia 252 183 SBu SF/O MoS 
Heterodonta Cardiida Cardiidae Pleuriocardia 134 66 SBu SF MoS 
Heterodonta Lucinida Mactromyidae Thetis 134 66 SBu SF MoS 
Heterodonta Lucinida Lucinidae Zorrita 72.1 5.3 SBu SF/O MoS 
Heterodonta Cardiida Corbiculidae Polymesoda 66 0 SBu SF MoS 
Heterodonta Lucinida Lucinidae Lucinisca 66 0 SBu SF/O MoS 
Heterodonta Cardiida Psammobiidae Gobraeus 66 0 SBu DF MoS 
Heterodonta Cardiida Psammobiidae Nuttallia 66 0 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Ezonuculana 131 66 SBu DF/SF MoS 
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Palaeotaxodonta Nuculida Nuculanidae Costelloleda 66 1.8 SBu DF/SF MoS 
Heterodonta Cardiida Arcticidae Eotrapezium 228 164 SBu SF MoS 
Heterodonta Cardiida Cardiidae Loxocardium 66 2.6 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Adrana 61.6 0 SBu DF/SF MoS 
Heterodonta Lucinida Lucinidae Pterolucina 66 5.3 SBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Ledina 72.1 11.6 SBu DF/SF MoS 
Heterodonta Cardiida Donacidae Protodonax 126 66 SBu SF MoS 
Heterodonta Cardiida Cardiidae Cerastoderma 59.2 0 SBu SF MoS 
Heterodonta Cardiida Psammobiidae Sanguinolaria 59.2 0 SBu DF MoS 
Heterodonta Veneroida Scrobiculariidae Scrobicularia 59.2 0 SBu SF MoS 
Heterodonta Cardiida Semelidae Ervilia 59.2 0 SBu DF MoS 
Heterodonta Cardiida Veneridae Pelecyora 59.2 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Sunetta 59.2 0 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Spineilo 66 7.2 SBu DF/SF MoS 
Heterodonta Cardiida Arcticidae Pronoella 191 134 SBu SF MoS 
Heterodonta Cardiida Cardiidae Ciliatocardium 56 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Mexicardia 56 0 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Geloina 56 0 SBu SF MoS 
Heterodonta Solenida Cultellidae Phaxas 56 0 SBu SF MoS 
Heterodonta Lucinida Lucinidae Linga 56 0 SBu SF/O MoS 
Heterodonta Lucinida Lucinidae Pegophysema 56 0 SBu SF/O MoS 
Heterodonta Cardiida Psammobiidae Ascitellina 56 0 SBu DF MoS 
Heterodonta Cardiida Veneridae Chion 56 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Katelysia 56 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Pachydesma 56 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Protothaca 56 0 SBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Quadratonucula 315 260 SBu DF MoS 
Heterodonta Lucinida Lucinidae Striolucina 56 1.8 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Cordiopsis 56 1.8 SBu SF MoS 
Heterodonta Pholadida Ceratomyidae Ceratomya 199 145 SBu SF MoS 
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Heterodonta Cardiida Psammobiidae Macrosolen 56 5.3 SBu DF MoS 
Heterodonta Cardiida Veneridae Mercimonia 56 5.3 SBu SF MoS 
Heterodonta Cardiida Cardiidae Hedecardium 61.6 11.6 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Tetoria 174 126 SBu SF MoS 
Heterodonta Lucinida Lucinidae Pompholigina 47.8 0 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Callistotapes 47.8 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Kereia 47.8 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Marcia 47.8 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Veremolpa 47.8 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Ringicardium 47.8 0.01 SBu SF MoS 
Heterodonta Cardiida Psammobiidae Soletellina 47.8 0.01 SBu DF MoS 
Heterodonta Cardiida Cardiidae Dochmocardia 113 66 SBu SF MoS 
Heterodonta Cardiida Cardiidae Profragum 113 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Chimela 113 66 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Praesacella 191 145 SBu DF/SF MoS 
Heterodonta Cardiida Cardiidae Europicardium 47.8 1.8 SBu SF MoS 
Heterodonta Lucinida Lucinidae Callucinella 47.8 1.8 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Sinodia 47.8 2.6 SBu SF MoS 
Heterodonta Lucinida Mactromyidae Thetironia 139 93.9 SBu SF MoS 
Heterodonta Cardiida Neomiodontidae Costocyrena 145 100 SBu SF MoS 
Heterodonta Cardiida Cardiidae Discors 56 11.6 SBu SF MoS 
Heterodonta Cardiida Veneridae Kuia 47.8 3.6 SBu SF MoS 
Heterodonta Cardiida Arcticidae Venericyprina 157 113 SBu SF MoS 
Heterodonta Lucinida Lucinidae Recticardo 100 56 SBu SF/O MoS 
Heterodonta Lucinida Mactromyidae Clisocolus 100 56 SBu SF MoS 
Heterodonta Cardiida Veneridae Tivellina 59.2 16 SBu SF MoS 
Pteriomorphia Pectinida Psammobiidae Psammotaea 59.2 16 SBu DF MoS 
Heterodonta Cardiida Veneridae Hina 47.8 5.3 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Ledella 41.2 0 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Marama 41.2 1.8 SBu SF MoS 
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Heterodonta Cardiida Arcticidae Hartwellia 152 113 SBu SF MoS 
Heterodonta Cardiida Donacidae Notodonax 100 61.6 SBu SF MoS 
Heterodonta Cardiida Donacidae Egerella 72.1 33.9 SBu SF MoS 
Heterodonta Lucinida Lucinidae Stchepinskya 72.1 33.9 SBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Glyptoleda 290 252 SBu DF/SF MoS 
Heterodonta Cardiida Arcticidae Rollierella 183 145 SBu SF MoS 
Heterodonta Cardiida Veneridae Jurassicorbula 183 145 SBu SF MoS 
Heterodonta Cardiida Cardiidae Microcardium 37.8 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Vasticardium 37.8 0 SBu SF MoS 
Anomalodesmata Poromyida Spheniopsidae Spheniopsis 37.8 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Liocyma 37.8 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Parastarte 37.8 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Placamen 37.8 0 SBu SF MoS 
Heterodonta Cardiida Arcticidae Plesiocyprina 201 164 SBu SF MoS 
Heterodonta Cardiida Arcticidae Epicyprina 134 100 SBu SF MoS 
Heterodonta Cardiida Arcticidae Roudairia 100 66 SBu SF MoS 
Heterodonta Cardiida Cardiidae Criocardium 100 66 SBu SF MoS 
Heterodonta Cardiida Donacidae Aliodonax 100 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Naulia 100 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Paraesa 100 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Thetiopsis 100 66 SBu SF MoS 
Heterodonta Cardiida Cardiidae Fulvia 33.9 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Keenaea 33.9 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Keenocardium 33.9 0 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Villorita 33.9 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Paradonax 33.9 0 SBu SF MoS 
Heterodonta Lucinida Lucinidae Pleurolucina 33.9 0 SBu SF/O MoS 
Heterodonta Lucinida Lucinidae Pseudolucinisca 33.9 0 SBu SF/O MoS 
Heterodonta Lucinida Lucinidae Talocodakia 33.9 0 SBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Costatoleda 33.9 0 SBu DF/SF MoS 
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Palaeotaxodonta Nuculida Nuculanidae Propeleda 33.9 0 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Chamelea 33.9 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Lirophora 33.9 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Periglypta 33.9 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Ventricola 33.9 0.01 SBu SF MoS 
Heterodonta Cardiida Cardiidae Profulvia 33.9 0.01 SBu SF MoS 
Heterodonta Cardiida Veneridae Tivelina 61.6 28.1 SBu SF MoS 
Heterodonta Cardiida Arcticidae Petalocardia 56 23 SBu SF MoS 
Heterodonta Cardiida Arcticidae Loparia 66 33.9 SBu SF MoS 
Heterodonta Veneroida Scrobiculariidae Scrobiculabra 66 33.9 SBu SF MoS 
Heterodonta Cardiida Cardiidae Divaricardium 33.9 1.8 SBu SF MoS 
Heterodonta Cardiida Veneridae Hyphantosoma 33.9 1.8 SBu SF MoS 
Heterodonta Cardiida Arcticidae Vectianella 145 113 SBu SF MoS 
Heterodonta Cardiida Veneridae Austrocallista 33.9 2.6 SBu SF MoS 
Heterodonta Cardiida Arcticidae Procyprina 164 134 SBu SF MoS 
Heterodonta Cardiida Cardiidae Varicardium 41.2 11.6 SBu SF MoS 
Heterodonta Cardiida Psammobiidae Garum 66 37.8 SBu DF MoS 
Heterodonta Cardiida Cardiidae Dallocardia 28.1 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Hemidonax 28.1 0 SBu SF MoS 
Heterodonta Lucinida Lucinidae Lucinella 28.1 0 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Bassina 28.1 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Callanaitis 28.1 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Costellipitar 28.1 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Hysteroconcha 28.1 0 SBu SF MoS 
Pteriomorphia Pectinida Veneridae Paradione 28.1 0 SBu SF MoS 
Heterodonta Lucinida Lucinidae Stewartia 28.1 0.01 SBu SF/O MoS 
Heterodonta Cardiida Sphaeriidae Pisidium 28.1 0.01 SBu SF MoS 
Heterodonta Cardiida Veneridae Callistalox 93.9 66 SBu SF MoS 
Heterodonta Cardiida Arcticidae Coelocyprina 191 164 SBu SF MoS 
Anomalodesmata Pholadomyida Edmondiidae Obrimia 419 393 SBu SF MoS 
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Heterodonta Lucinida Lucinidae Luciniola 209 183 SBu SF/O MoS 
Heterodonta Cardiida Arcticidae Tortarctica 126 100 SBu SF MoS 
Heterodonta Cardiida Cardiidae Onestia 126 100 SBu SF MoS 
Heterodonta Cardiida Veneridae Nagaoella 126 100 SBu SF MoS 
Heterodonta Cardiida Cardiidae Orthocardium 59.2 33.9 SBu SF MoS 
Heterodonta Lucinida Mactromyidae Mactomyella 191 166 SBu SF MoS 
Heterodonta Cardiida Donacidae Macrodonax 89.8 66 SBu SF MoS 
Heterodonta Cardiida Cardiidae Bucardium 23 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Machaerodonax 23 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Austrovenus 23 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Notochione 23 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Nutricola 23 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Ruditapes 23 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Timoclea 23 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Titanocardium 28.1 5.3 SBu SF MoS 
Heterodonta Cardiida Cardiidae Arctopratulum 33.9 11.6 SBu SF MoS 
Heterodonta Cardiida Arcticidae Microcyprina 56 33.9 SBu SF MoS 
Heterodonta Lucinida Lucinidae Myrtucina 56 33.9 SBu SF/O MoS 
Heterodonta Cardiida Psammobiidae Asaphinella 56 33.9 SBu DF MoS 
Heterodonta Cardiida Psammobiidae Liodonax 56 33.9 SBu DF MoS 
Heterodonta Cardiida Veneridae Calpitaria 56 33.9 SBu SF MoS 
Heterodonta Cardiida Veneridae Meroena 56 33.9 SBu SF MoS 
Heterodonta Cardiida Veneridae Omnivenus 56 33.9 SBu SF MoS 
Heterodonta Cardiida Veneridae Sinodiopsis 56 33.9 SBu SF MoS 
Heterodonta Cardiida Veneridae Venerella 56 33.9 SBu SF MoS 
Heterodonta Cardiida Veneridae Veneritapes 56 33.9 SBu SF MoS 
Heterodonta Cardiida Veneridae Xenoloupia 56 33.9 SBu SF MoS 
Heterodonta Cardiida Cardiidae Chesacardium 23 1.8 SBu SF MoS 
Heterodonta Cardiida Veneridae Paleomarcia 23 1.8 SBu SF MoS 
Heterodonta Cardiida Veneridae Parvivenus 23 1.8 SBu SF MoS 
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Heterodonta Cardiida Arcticidae Staffinella 166 145 SBu SF MoS 
Heterodonta Cardiida Cardiidae Acrosterigma 20.4 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Phlogocardia 20.4 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Rudicardium 20.4 0 SBu SF MoS 
Heterodonta Cardiida Psammobiidae Psammobia 20.4 0 SBu DF MoS 
Heterodonta Cardiida Semelidae Leptomya 20.4 0 SBu DF MoS 
Heterodonta Cardiida Cardiidae Habecardium 33.9 13.8 SBu SF MoS 
Heterodonta Lucinida Mactromyidae Plesiocyprinella 272 252 SBu SF MoS 
Heterodonta Cardiida Cardiidae Andrusovicardium 20.4 1.8 SBu SF MoS 
Heterodonta Lucinida Lucinidae Recurvella 41.2 23 SBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Girtyana 290 272 SBu DF/SF MoS 
Heterodonta Cardiida Semelidae Harpax 201 183 SBu DF MoS 
Heterodonta Cardiida Cardiidae Patagonicardium 33.9 16 SBu SF MoS 
Heterodonta Cardiida Cardiidae Iheringicardium 33.9 16 SBu SF MoS 
Heterodonta Cardiida Cardiidae Fischericardium 23 5.3 SBu SF MoS 
Heterodonta Lucinida Lucinidae Levimyrtaea 23 5.3 SBu SF/O MoS 
Heterodonta Lucinida Lucinidae Myrteopsis 23 5.3 SBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Borissia 23 5.3 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Kaneharaia 23 5.3 SBu SF MoS 
Heterodonta Cardiida Veneridae Leukomoides 23 5.3 SBu SF MoS 
Heterodonta Cardiida Veneridae Nipponomarcia 23 5.3 SBu SF MoS 
Heterodonta Cardiida Veneridae Panchione 23 5.3 SBu SF MoS 
Heterodonta Cardiida Veneridae Siratoria 23 5.3 SBu SF MoS 
Heterodonta Cardiida Arcticidae Fissilunula 83.6 66 SBu SF MoS 
Heterodonta Cardiida Arcticidae Izumia 83.6 66 SBu SF MoS 
Heterodonta Cardiida Arcticidae Schedotrapezium 83.6 66 SBu SF MoS 
Heterodonta Cardiida Cardiidae Austrocardium 83.6 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Gilbertharrisella 83.6 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Loxo 83.6 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Rhaiphiale 83.6 66 SBu SF MoS 
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Heterodonta Cardiida Cardiidae Frigidocardium 16 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Regozara 16 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Capsella 16 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Antinioche 16 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Glycydonta 16 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Irusella 16 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Lioconcha 16 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Pitarina 16 0 SBu SF MoS 
Palaeotaxodonta Nuculida Veneridae Leukoma 16 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Deltachion 16 0.01 SBu SF MoS 
Heterodonta Lucinida Mactromyidae Montanaria 408 393 SBu SF MoS 
Heterodonta Cardiida Arcticidae Tealbya 145 131 SBu SF MoS 
Heterodonta Cardiida Arcticidae Agapella 126 113 SBu SF MoS 
Heterodonta Cardiida Cardiidae Afrocardium 11.6 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Ctenocardia 11.6 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Plebidonax 11.6 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Serrula 11.6 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Callithaca 11.6 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Plurigens 11.6 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Protapes 11.6 0 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Culunana 307 296 SBu DF/SF MoS 
Heterodonta Cardiida Arcticidae Paraarctica 33.9 23 SBu SF MoS 
Heterodonta Cardiida Cardiidae Lymnocardium 16 5.3 SBu SF MoS 
Palaeoheterodonta Unionida Cyrenidae Acyrena 174 164 SBu SF MoS 
Heterodonta Cardiida Psammobiidae Adansonella 66 56 SBu DF MoS 
Heterodonta Cardiida Psammobiidae Psammotaena 47.8 37.8 SBu DF MoS 
Heterodonta Cardiida Veneridae Kakahuia 47.8 37.8 SBu SF MoS 
Heterodonta Cardiida Veneridae Chionella 37.8 28.1 SBu SF MoS 
Heterodonta Lucinida Lucinidae Storthodon 237 228 SBu SF/O MoS 
Heterodonta Cardiida Cardiidae Yagudinella 7.2 0 SBu SF MoS 
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Palaeotaxodonta Nuculida Malletiidae Ekstadia 426 419 SBu DF MoS 
Heterodonta Cardiida Veneridae Austrocardilanx 164 157 SBu SF MoS 
Heterodonta Cardiida Psammobiidae Asaphinoides 23 16 SBu DF MoS 
Pteriomorphia Pectinida Donacidae Hecuba 23 16 SBu SF MoS 
Heterodonta Cardiida Psammobiidae Olssonella 47.8 41.2 SBu DF MoS 
Heterodonta Cardiida Cardiidae Chartocardium 11.6 5.3 SBu SF MoS 
Heterodonta Cardiida Cardiidae Sarmaticardium 11.6 5.3 SBu SF MoS 
Heterodonta Cardiida Veneridae Paratapes 11.6 5.3 SBu SF MoS 
Heterodonta Cardiida Arcticidae Ambonicardia 100 93.9 SBu SF MoS 
Heterodonta Lucinida Mactromyidae Sexta 100 93.9 SBu SF MoS 
Heterodonta Cardiida Cardiidae Perucardia 72.1 66 SBu SF MoS 
Palaeoheterodonta Unionida Archanodontidae Neamnigenia 260 254 SBu SF MoS 
Heterodonta Cardiida Arcticidae Antarctica 170 164 SBu SF MoS 
Heterodonta Cardiida Arcticidae Gythemon 170 164 SBu SF MoS 
Heterodonta Lucinida Lucinidae Jagonia 33.9 28.1 SBu SF/O MoS 
Heterodonta Cardiida Cardiidae Ovicardium 7.2 1.8 SBu SF MoS 
Heterodonta Cardiida Cardiidae Goethemia 5.3 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Tentidonox 5.3 0 SBu SF MoS 
Heterodonta Cardiida Psammobiidae Heterodonax 5.3 0 SBu DF MoS 
Heterodonta Cardiida Psammobiidae Psammobella 5.3 0 SBu DF MoS 
Heterodonta Cardiida Veneridae Humilaria 5.3 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Lepidocardia 5.3 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Macridiscus 5.3 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Nanopitar 5.3 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Neotapes 5.3 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Planitivela 5.3 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Psephidia 5.3 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Sulcilioconcha 5.3 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Sunettina 5.3 0 SBu SF MoS 
Heterodonta Lucinida Lucinidae Radiolucina 5.3 0.01 SBu SF/O MoS 
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Heterodonta Cardiida Veneridae Hinemoana 28.1 23 SBu SF MoS 
Palaeotaxodonta Nuculida Cardiidae Omanidacna 28.1 23 SBu SF MoS 
Anomalodesmata Pholadomyida Edmondiidae Globicarina 265 260 SBu SF MoS 
Heterodonta Lucinida Lucinidae Sinbadiella 252 247 SBu SF/O MoS 
Heterodonta Cardiida Arcticidae Somarctica 157 152 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Pseudogyra 131 126 SBu SF MoS 
Heterodonta Lucinida Lucinidae Cryptolucina 131 126 SBu SF/O MoS 
Heterodonta Cardiida Cardiidae Corculum 16 11.6 SBu SF/O MoS 
Palaeotaxodonta Nuculida Malletiidae Metapalaeoneilo 423 419 SBu DF MoS 
Heterodonta Cardiida Cardiidae Chrysocardium 37.8 33.9 SBu SF MoS 
Heterodonta Lucinida Lucinidae Illesca 37.8 33.9 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Textivenus 41.2 37.8 SBu SF MoS 
Heterodonta Cardiida Veneridae Textrix 5.3 2.6 SBu SF MoS 
Heterodonta Cardiida Cardiidae Pseudobrechites 23 20.4 SBu SF MoS 
Heterodonta Cardiida Psammobiidae Psammacola 2.6 0.01 SBu DF MoS 
Heterodonta Cardiida Cardiidae Obsoletiforma 13.8 11.6 SBu SF MoS 
Heterodonta Cardiida Arcticidae Antiquicyprina 166 164 SBu SF MoS 
Heterodonta Cardiida Cardiidae Paradacna 7.2 5.3 SBu SF MoS 
Heterodonta Cardiida Cardiidae Parvidacna 7.2 5.3 SBu SF MoS 
Heterodonta Cardiida Cardiidae Pontalmyra 7.2 5.3 SBu SF MoS 
Heterodonta Cardiida Cardiidae Microfragum 1.8 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Grammatodonax 1.8 0 SBu SF MoS 
Heterodonta Cardiida Psammobiidae Kermadysmea 1.8 0 SBu DF MoS 
Heterodonta Cardiida Psammobiidae Psammotellina 1.8 0 SBu DF MoS 
Heterodonta Cardiida Semelidae Elegantula 1.8 0 SBu DF MoS 
Heterodonta Cardiida Veneridae Comus 1.8 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Parmulophora 1.8 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Bassinaria 5.3 3.6 SBu SF MoS 
Heterodonta Cardiida Veneridae Luciploma 5.3 3.6 SBu SF MoS 
Heterodonta Cardiida Cardiidae Planicardium 3.6 2.6 SBu SF MoS 
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Heterodonta Cardiida Psammobiidae Rhectomyax 89.8 89.8 SBu DF MoS 
Heterodonta Cardiida Sphaeriidae Musculium 0.01 0.01 SBu SF MoS 
Heterodonta Cardiida Arcticidae Dietrichia 199 145 SBu SF MoS 
Heterodonta Cardiida Cardiidae Jurassicardium 199 145 SBu SF MoS 
Heterodonta Lucinida Mactromyidae Mactromyopsis 199 164 SBu SF MoS 
Heterodonta Cardiida Cardiidae Cardium 408 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Protocardia 237 0.01 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Phestia 458 247 SBu DF/SF MoS 
Heterodonta Solenida Pharidae Siliqua 145 0 SBu SF/O MoS 
Heterodonta Cardiida Cardiidae Nemocardium 126 0 SBu SF MoS 
Heterodonta Cardiida Arcticidae Isocyprina 237 113 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Dacryomya 252 145 SBu DF/SF MoS 
Palaeoheterodonta Trigoniida Megatrigonioidae Pterotrigonia 164 66 SBu SF MoS 
Heterodonta Cardiida Arcticidae Pseudotrapezium 199 113 SBu SF MoS 
Palaeoheterodonta Trigoniida Megatrigonioidae Apiotrigonia 134 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Megatrigonioidae Scabrotrigonia 131 66 SBu SF MoS 
Heterodonta Cardiida Mactridae Spisula 61.6 0 SBu DF/O MoS 
Palaeoheterodonta Trigoniida Megatrigonioidae Acanthotrigonia 126 66 SBu SF MoS 
Heterodonta Cardiida Cardiidae Clinocardium 56 0 SBu SF/O MoS 
Heterodonta Cardiida Cardiidae Dinocardium 56 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Donax 56 0 SBu SF MoS 
Heterodonta Cardiida Mesodesmatidae Mesodesma 56 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Tivela 56 0 SBu SF MoS 
Heterodonta Cardiida Mesodesmatidae Myadesma 56 5.3 SBu SF MoS 
Heterodonta Cardiida Arcticidae Rollieria 201 157 SBu SF MoS 
Palaeoheterodonta Trigoniida Prosogyrotrigoniidae Prosogyrotrigonia 228 191 SBu SF MoS 
Heterodonta Cardiida Cardiidae Brevicardium 100 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Megatrigonioidae Ptilotrigonia 100 66 SBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Hilgardia 66 33.9 SBu DF/SF MoS 
Palaeoheterodonta Trigoniida Groeberellidae Groeberella 199 170 SBu SF MoS 
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Heterodonta Cardiida Tellinidae Cadella 28.1 0 SBu DF/SF MoS 
Heterodonta Cardiida Cardiidae Lyrocardium 23 0 SBu SF MoS 
Heterodonta Cardiida Donacidae Iphigenia 23 0 SBu SF MoS 
Palaeoheterodonta Trigoniida Megatrigonioidae Paulckella 134 113 SBu SF MoS 
Heterodonta Cardiida Mesodesmatidae Paphies 20.4 0 SBu SF MoS 
Palaeoheterodonta Trigoniida Prosogyrotrigoniidae Agonisca 241 228 SBu SF MoS 
Palaeoheterodonta Trigoniida Prosogyrotrigoniidae Praegonia 241 228 SBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Lapteviella 247 237 SBu DF MoS 
Heterodonta Cardiida Mesodesmatidae Anapella 11.6 1.8 SBu SF MoS 
Heterodonta Cardiida Mesodesmatidae Ceroniola 72.1 66 SBu SF MoS 
Heterodonta Cardiida Mesodesmatidae Donacilla 5.3 0.01 SBu SF MoS 
Heterodonta Cardiida Mesodesmatidae Ervillia 5.3 0.01 SBu SF MoS 
Heterodonta Cardiida Mesodesmatidae Atactodea 0.01 0.01 SBu SF MoS 
Anomalodesmata Pandorida Pandoridae Pandora 458 0 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Trigonarca 166 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Laevicardium 145 0 SBu SF MoS 
Heterodonta Cardiida Cardiidae Integricardium 201 59.2 SBu SF MoS 
Heterodonta Cardiida Cardiidae Trachycardium 113 0 SBu SF MoS 
Heterodonta Cardiida Mactridae Rangia 100 0 SBu DF MoS 
Heterodonta Lucinida Lucinidae Sphaeriola 254 157 SBu SF/O MoS 
Pteriomorphia Arcida Glycymerididae Tucetona 89.8 0 SBu SF MoS 
Heterodonta Hiatellida Hiatellidae Glycymeris 83.6 0.01 SBu SF MoS 
Heterodonta Hiatellida Hiatellidae Cyrtodaria 72.1 0 SBu SF MoS 
Heterodonta Cardiida Mactridae Raeta 72.1 0 SBu DF MoS 
Pteriomorphia Arcida Glycymerididae Glycymerita 72.1 1.8 SBu SF MoS 
Anomalodesmata Poromyida Verticordiidae Euciroa 72.1 11.6 SBu C MoS 
Heterodonta Cardiida Cardiidae Papyridea 56 0 SBu SF MoS 
Heterodonta Cardiida Mactridae Oxyperas 56 0 SBu DF MoS 
Heterodonta Cardiida Semelidae Cumingia 56 0 SBu DF MoS 
Anomalodesmata Poromyida Verticordiidae Trigonulina 56 0 SBu C MoS 
382 
Heterodonta Hiatellida Hiatellidae Capistrocardia 66 11.6 SBu SF MoS 
Anomalodesmata Poromyida Verticordiidae Pecchiolia 56 1.8 SBu C MoS 
Palaeoheterodonta Trigoniida Anditrigoniidae Anditrigonia 166 113 SBu SF MoS 
Anomalodesmata Poromyida Verticordiidae Haliris 56 3.6 SBu C MoS 
Heterodonta Cardiida Cardiidae Americardia 47.8 0 SBu SF MoS 
Heterodonta Cardiida Mactridae Pseudoxyperas 47.8 0 SBu DF MoS 
Heterodonta Cardiida Mactridae Standella 47.8 1.8 SBu DF MoS 
Pteriomorphia Arcida Glycymerididae Arcullaea 145 100 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Grandaxinea 41.2 0 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Tucetilla 41.2 0 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Bellaxinaea 37.8 0 SBu SF MoS 
Heterodonta Cardiida Glycymerididae Axinactis 37.8 0.01 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Peruarca 100 66 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Pettersia 100 66 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Postligata 100 66 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Protarca 100 66 SBu SF MoS 
Heterodonta Cardiida Mactridae Priscomactra 100 66 SBu DF MoS 
Heterodonta Cardiida Mactridae Mactromeris 33.9 0 SBu DF MoS 
Pteriomorphia Arcida Glycymerididae Axinola 28.1 0 SBu SF MoS 
Heterodonta Cardiida Mactridae Willimactra 93.9 66 SBu DF MoS 
Heterodonta Cardiida Cardiidae Septocardia 228 201 SBu SF MoS 
Heterodonta Cardiida Mactridae Symmorphomactra 23 0 SBu DF MoS 
Anomalodesmata Pandorida Pandoridae Clidiophora 23 0 SBu SF MoS 
Anomalodesmata Pandorida Pandoridae Pandorella 23 0 SBu SF MoS 
Heterodonta Cardiida Mactridae Mactropsis 56 33.9 SBu DF MoS 
Heterodonta Cardiida Mactridae Nymphactra 56 33.9 SBu DF MoS 
Heterodonta Cardiida Mactridae Ruellia 56 33.9 SBu DF MoS 
Pteriomorphia Arcida Glycymerididae Costaglycymeris 23 1.8 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Glycymerella 20.4 0 SBu SF MoS 
Heterodonta Cardiida Mactridae Trinitasia 23 3.6 SBu DF MoS 
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Heterodonta Cardiida Mactridae Pteropsella 56 37.8 SBu DF MoS 
Heterodonta Cardiida Mactridae Miorangia 23 5.3 SBu DF MoS 
Heterodonta Cardiida Mactridae Mulinoides 83.6 66 SBu DF MoS 
Heterodonta Cardiida Mactridae Petromactra 83.6 66 SBu DF MoS 
Pteriomorphia Arcida Glycymerididae Melaxinaea 16 0 SBu SF MoS 
Heterodonta Cardiida Mactridae Resania 16 0 SBu DF MoS 
Heterodonta Cardiida Psammobiidae Asaphis 16 0 SBu DF MoS 
Heterodonta Pholadida Ceratomyidae Pteromya 209 199 SBu SF MoS 
Heterodonta Cardiida Mactridae Praerangia 66 56 SBu DF MoS 
Pteriomorphia Arcida Glycymerididae Africarca 47.8 41.2 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Pseudoveletuceta 100 93.9 SBu SF MoS 
Pteriomorphia Arcida Glycymerididae Tucetonella 5.3 0 SBu SF MoS 
Anomalodesmata Pandorida Pandoridae Heteroclidus 5.3 0 SBu SF MoS 
Anomalodesmata Poromyida Verticordiidae Laevicordia 5.3 0 SBu C MoS 
Heterodonta Cardiida Mactridae Notospisula 5.3 0.01 SBu DF MoS 
Heterodonta Cardiida Mactridae Pteroluter 93.9 89.8 SBu DF MoS 
Heterodonta Cardiida Mactridae Ovamactra 37.8 33.9 SBu DF MoS 
Anomalodesmata Poromyida Verticordiidae Spinosipella 37.8 33.9 SBu C MoS 
Pteriomorphia Arcida Glycymerididae Axinaea 59.2 56 SBu SF MoS 
Heterodonta Cardiida Mactridae Spisulona 3.6 1.8 SBu DF MoS 
Heterodonta Cardiida Veneridae Mercenaria 28.1 0 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Glossites 419 174 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Sedgwickia 453 252 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Cardiomorpha 408 209 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Prothyris 419 260 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Pholadella 411 254 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Protomya 458 383 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Paraprothyris 419 372 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Andinodesma 419 393 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Glyptoconcha 347 323 SBu SF MoS/By 
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Heterodonta Cardiidia Grammysiidae Fuchsella 423 411 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Asketomorpha 323 315 SBu SF MoS/By 
Heterodonta Cardiidia Grammysiidae Lophoprothyris 323 323 SBu SF MoS/By 
Heterodonta Cardiida Veneridae Callista 126 0 SBu/DBu SF MoS 
Heterodonta Cardiida Veneridae Microcallista 56 0 SBu/DBu SF MoS 
Heterodonta Cardiida Veneridae Pitaria 56 0.01 SBu/DBu SF MoS 
Heterodonta Cardiida Veneridae Rhabdopitaria 47.8 37.8 SBu/DBu SF MoS 
Heterodonta Cardiida Veneridae Tawera 56 0 SBu/SI SF MoS 
Heterodonta Cardiida Veneridae Turia 56 5.3 SBu/SI SF MoS 
Heterodonta Cardiida Semelidae Semele 66 0 SBu/DBu DF MoS 
Heterodonta Carditida Carditidae Glyptoactis 66 3.6 SBu SF By/MoS 
Heterodonta Carditida Carditidae Baluchicardia 89.8 56 SBu SF By/MoS 
Heterodonta Carditida Carditidae Goossensia 66 33.9 SBu SF By/MoS 
Heterodonta Carditida Carditidae Claibornicardia 59.2 33.9 SBu SF By/MoS 
Heterodonta Carditida Carditidae Gujocardita 269 252 SBu SF By/MoS 
Palaeotaxodonta Nuculida Tindariidae Neilonella 72.1 2.6 SBu DF MoS 
Palaeotaxodonta Nuculida Tindariidae Pseudotindaria 47.8 0 SBu DF MoS 
Pteriomorphia Pectinida Pterinopectinidae Newellipecten 419 359 SBu SF By 
Pteriomorphia Pectinida Pterinopectinidae Limanomia 383 372 SBu SF By 
Palaeoheterodonta Modiomorphida Modiomorphidae Redonia 478 458 SBu SF By/MoS 
Heterodonta Carditida Myophoricardiidae Myophoriopis 247 100 SBu SF MoS 
Heterodonta Carditida Myophoricardiidae Myophoricardium 247 201 SBu SF MoS 
Pteriomorphia Arcida Parallelodontidae Glyptarca 478 458 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Myophoria 458 183 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Eoschizodus 427 241 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Neoschizodus 272 100 SBu SF MoS 
Heterodonta Carditida Myophoricardiidae Pseudocorbula 252 100 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Gruenewaldia 247 100 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Liotrigonia 241 183 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Elegantinia 252 201 SBu SF MoS 
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Palaeoheterodonta Trigoniida Myophoriidae Heminajas 252 209 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Toechomya 411 383 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Hefteria 419 393 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Paraschizodus 272 252 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Caledogonia 228 209 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Costatoria 272 254 SBu SF MoS 
Palaeoheterodonta Trigoniida Costatoriidae Procostatoria 272 260 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophoriidae Atalantia 237 228 SBu SF MoS 
Heterodonta Carditida Carditidae Pseudocardia 126 5.3 SBu SF By/MoS 
Heterodonta Carditida Carditidae Cyclocardia 100 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Purpurocardia 83.6 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Fenestricardita 145 66 SBu SF By/MoS 
Heterodonta Carditida Carditidae Arcturellina 66 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Glans 66 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Carditella 61.6 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Carditellopsis 59.2 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Pteromeris 59.2 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Cardites 56 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Fasciculicardia 66 11.6 SBu SF By/MoS 
Heterodonta Carditida Carditidae Cossmannella 66 16 SBu SF By/MoS 
Heterodonta Carditida Carditidae Cardiocardita 47.8 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Paraglans 66 23 SBu SF By/MoS 
Heterodonta Carditida Carditidae Carditamera 41.2 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Centrocardita 37.8 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Cretocardia 100 66 SBu SF By/MoS 
Heterodonta Carditida Carditidae Maghrebella 100 66 SBu SF By/MoS 
Heterodonta Carditida Carditidae Scalaricardita 33.9 1.8 SBu SF By/MoS 
Heterodonta Carditida Carditidae Ludbrookia 126 93.9 SBu SF By/MoS 
Heterodonta Carditida Carditidae Ainicardita 33.9 5.3 SBu SF By/MoS 
Heterodonta Carditida Carditidae Lazariella 23 0 SBu SF By/MoS 
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Heterodonta Carditida Carditidae Angusticardo 56 33.9 SBu SF By/MoS 
Heterodonta Carditida Carditidae Choniocardia 56 33.9 SBu SF By/MoS 
Heterodonta Carditida Carditidae Crassicardia 23 3.6 SBu SF By/MoS 
Heterodonta Carditida Carditidae Izumicardia 83.6 66 SBu SF By/MoS 
Heterodonta Carditida Carditidae Coripia 16 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Miodontiscus 16 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Lunulicardita 20.4 7.2 SBu SF By/MoS 
Heterodonta Carditida Carditidae Xenocardita 126 113 SBu SF By/MoS 
Heterodonta Carditida Carditidae Vimentum 11.6 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Plionema 100 93.9 SBu SF By/MoS 
Heterodonta Carditida Carditidae Byssomera 5.3 0 SBu SF By/MoS 
Heterodonta Carditida Carditidae Milneria 5.3 0 SBu SF By/MoS 
Palaeoheterodonta Trigoniida Myophorellidae Laevitrigonia 174 66 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophorellidae Myophorella 191 126 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophorellidae Orthotrigonia 201 139 SBu SF MoS 
Heterodonta Carditida Crassatellidae Stearnsia 145 100 SBu SF MoS 
Heterodonta Carditida Crassatellidae Trigonocrassatella 145 100 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophorellidae Scaphogonia 170 134 SBu SF MoS 
Heterodonta Carditida Crassatellidae Sublandinia 100 66 SBu SF MoS 
Heterodonta Cardioni Babinkidae Babinka 490 467 SBu SF MoS 
Heterodonta Carditida Crassatellidae Marvacrassatella 23 0.01 SBu SF MoS 
Heterodonta Carditida Crassatellidae Terraia 269 247 SBu SF MoS 
Heterodonta Carditida Crassatellidae Uddenia 83.6 61.6 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophorellidae Scaphorella 183 164 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophorellidae Quadratojaworskiella 201 183 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophorellidae Hijitrigonia 170 164 SBu SF MoS 
Heterodonta Carditida Crassatellidae Talabrica 3.6 0 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophorellidae Frenguelliella 237 66 SBu SF MoS 
Heterodonta Carditida Crassatellidae Spissatella 66 0 SBu SF MoS 
Palaeoheterodonta Trigoniida Myophorellidae Jaworskiella 199 170 SBu SF MoS 
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Heterodonta Carditida Crassatellidae Pachythaerus 134 37.8 SBu SF MoS 
Heterodonta Carditida Crassatellidae Scambula 83.6 2.6 SBu SF MoS 
Heterodonta Cardiida Veneridae Gouldia 254 0 SBu SF MoS 
Palaeotaxodonta Nuculida Malletiidae Nuculites 490 252 SBu DF MoS 
Heterodonta Cardiida Veneridae Trigonella 174 0.01 SBu SF MoS 
Heterodonta Lucinida Lucinidae Fimbria 100 0 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Gafrarium 66 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Transennella 61.6 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Eurhomalea 56 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Gemma 56 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Gomphina 56 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Eumarcia 47.8 0 SBu SF MoS 
Heterodonta Lucinida Lucinidae Epicodakia 37.8 0 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Fossacallista 37.8 0 SBu SF MoS 
Heterodonta Lucinida Lucinidae Eamesiella 33.9 0 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Globivenus 33.9 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Trigonocallista 93.9 66 SBu SF MoS 
Heterodonta Cardiida Veneridae Frigichione 23 1.8 SBu SF MoS 
Pteriomorphia Pectinida Veneridae Circenita 23 2.6 SBu SF MoS 
Heterodonta Cardiida Veneridae Gomphinella 16 0 SBu SF MoS 
Heterodonta Cardiida Lucinidae Dentilucina 11.6 7.2 SBu SF/O MoS 
Heterodonta Cardiida Veneridae Egrona 93.9 89.8 SBu SF MoS 
Heterodonta Cardiida Veneridae Puberella 3.6 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Paragouldia 5.3 1.8 SBu SF MoS 
Heterodonta Lucinida Lucinidae Egracina 1.8 0 SBu SF/O MoS 
Palaeotaxodonta Nuculida Malletiidae Palaeoneilo 490 139 SBu DF MoS 
Heterodonta Lucinida Lucinidae Divalucina 47.8 0 SBu SF/O MoS 
Heterodonta Lucinida Lucinidae Discomiltha 164 145 SBu/SBu SF/O MoS 
Palaeotaxodonta Nuculida Nuculanidae Lembulus 56 0 SBu DF/SF MoS 
Heterodonta Cardiida Mactridae Mactrellona 33.9 0 SBu DF MoS 
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Palaeotaxodonta Nuculida Sareptidae Sarepta 252 0 DBu DF MoS 
Palaeotaxodonta Nuculida Sareptidae Portlandia 131 0 DBu DF MoS 
Palaeotaxodonta Nuculida Sareptidae Megayoldia 72.1 0 DBu DF MoS 
Palaeotaxodonta Nuculida Sareptidae Yoldiella 72.1 0 DBu DF MoS 
Heterodonta Hiatellida Sareptidae Portlandella 72.1 3.6 DBu DF MoS 
Palaeotaxodonta Nuculida Sareptidae Cnesterium 66 0 DBu DF MoS 
Heterodonta Lucinida Sareptidae Nampiella 56 16 DBu DF MoS 
Heterodonta Pholadida Sareptidae Sachalinella 33.9 16 DBu DF MoS 
Palaeotaxodonta Nuculida Sareptidae Hataiyoldia 23 5.3 DBu DF MoS 
Heterodonta Cardiida Cardiidae Acanthocardia 86.3 0 DBu SF MoS 
Palaeoheterodonta Trigoniida Scaphellinidae Scaphellina 272 260 DBu SF MoS 
Heterodonta Cardiida Tellinidae Heteromacoma 28.1 0 DBu DF/SF MoS 
Palaeotaxodonta Nuculida Solemyidae Vorkutella 299 252 DBu DF/O MoS 
Palaeotaxodonta Nuculida Solemyidae Solemyarina 28.1 0 DBu DF/O MoS 
Palaeotaxodonta Nuculida Solemyidae Petrasma 5.3 0 DBu DF/O MoS 
Palaeotaxodonta Nuculida Solemyidae Solemya 423 0 DBu DF/O MoS/MoF 
Heterodonta Pholadida Corbulidae Caryocorbula 126 0 DBu SF By/MoS 
Heterodonta Cardiida Corbiculidae Batissa 164 0 DBu SF MoS 
Anomalodesmata Thraciida Periplomatidae Periploma 126 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Aphrodina 139 33.9 DBu SF MoS 
Heterodonta Cardiida Veneridae Flaventia 139 66 DBu SF MoS 
Heterodonta Cardiida Veneridae Cyclorismina 100 33.9 DBu SF MoS 
Heterodonta Cardiida Veneridae Costacallista 61.6 0 DBu SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Calorhadia 66 5.3 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Dosiniopsis 83.6 23 DBu SF MoS 
Heterodonta Cardiida Semelidae Abra 59.2 0 DBu DF MoS 
Heterodonta Cardiida Corbiculidae Eocallista 170 113 DBu SF MoS 
Heterodonta Cardiida Corbiculidae Cyrenobatissa 56 0 DBu SF MoS 
Anomalodesmata Thraciida Periplomatidae Cochlodesma 56 0 DBu SF MoS 
Heterodonta Cardiida Semelidae Syndosmya 56 0 DBu DF MoS 
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Heterodonta Cardiida Tellinidae Gastrana 56 0 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Callocardia 56 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Clementia 56 0 DBu SF MoS 
Anomalodesmata Thraciida Periplomatidae Aelga 56 5.3 DBu SF MoS 
Heterodonta Cardiida Veneridae Atopodonta 56 5.3 DBu SF MoS 
Anomalodesmata Thraciida Periplomatidae Offadesma 47.8 0 DBu SF MoS 
Heterodonta Cardiida Tellinidae Apolymetis 47.8 0 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Arcopagella 113 66 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Psammotreta 37.8 0 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Hercodon 100 66 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Palaeomoera 100 66 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Solyma 100 66 DBu DF/SF MoS 
Heterodonta Cardiida Semelidae Semelina 33.9 0 DBu DF MoS 
Heterodonta Cardiida Corbiculidae Filosina 145 113 DBu SF MoS 
Heterodonta Cardiida Tellinidae Florimetis 28.1 0 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Leporimetis 28.1 0 DBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Comitileda 59.2 33.9 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Pseudometis 23 0 DBu DF/SF MoS 
Heterodonta Cardiida Semelidae Septeuilia 56 33.9 DBu DF MoS 
Heterodonta Cardiida Tellinidae Bendemacoma 56 33.9 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Cockburnia 56 33.9 DBu SF MoS 
Heterodonta Cardiida Veneridae Nitidavenus 59.2 37.8 DBu SF MoS 
Heterodonta Cardiida Veneridae Ezocallista 23 2.6 DBu SF MoS 
Heterodonta Cardiida Tellinidae Aenona 83.6 66 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Sourimis 83.6 66 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Callistina 100 83.6 DBu SF MoS 
Heterodonta Cardiida Semelidae Iacra 16 0 DBu DF MoS 
Heterodonta Cardiida Tellinidae Pisostrigilla 16 0 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Egesta 16 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Eucallista 16 0 DBu SF MoS 
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Heterodonta Cardiida Tellinidae Bartrumia 20.4 5.3 DBu DF/SF MoS 
Palaeotaxodonta Nuculida Nuculanidae Australoportlandia 47.8 33.9 DBu DF/SF MoS 
Heterodonta Cardiida Corbiculidae Pharodina 100 89.8 DBu SF MoS 
Heterodonta Cardiida Corbiculidae Fulpia 100 93.9 DBu SF MoS 
Anomalodesmata Thraciida Periplomatidae Bontaea 5.3 0 DBu SF MoS 
Heterodonta Cardiida Semelidae Amphidesma 5.3 0 DBu DF MoS 
Heterodonta Cardiida Semelidae Theora 5.3 0 DBu DF MoS 
Heterodonta Cardiida Tellinidae Ardeamya 5.3 0 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Macalia 5.3 0 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Dosinorbis 5.3 0 DBu SF MoS 
Heterodonta Cardiida Veneridae Notocallista 5.3 0 DBu SF MoS 
Heterodonta Cardiida Tellinidae Barytellina 5.3 0.01 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Exotica 1.8 0 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Tellinimactra 1.8 0 DBu DF/SF MoS 
Heterodonta Cardiida Veneridae Novathaca 1.8 0 DBu SF MoS 
Heterodonta Cardiida Corbiculidae Yokoyamaina 199 199 DBu SF MoS 
Heterodonta Cardiida Tellinidae Arcopagia 131 0 DBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Strigilla 37.8 0 DBu DF/SF MoS 
Anomalodesmata Thraciida Thraciidae Thracia 290 0 DBu SF MoS 
Anomalodesmata Pandorida Laternulidae Laternula 247 0 DBu SF MoS 
Heterodonta Carditida Hiatellidae Panope 247 0.01 DBu SF MoS 
Heterodonta Cardiida Mactridae Anatina 209 0 DBu DF MoS 
Anomalodesmata Pandorida Laternulidae Cercomya 237 66 DBu SF MoS 
Heterodonta Pholadida Myidae Mya 166 0 DBu SF MoS 
Heterodonta Pholadida Corbulidae Caestocorbula 166 28.1 DBu SF MoS 
Anomalodesmata Pandorida Laternulidae Platymyoidea 209 72.1 DBu SF MoS 
Heterodonta Lucinida Thyasiridae Thyasira 113 0 DBu SF/O MoS 
Heterodonta Cardiida Mactridae Zenatia 100 0 DBu DF MoS 
Anomalodesmata Pandorida Laternulidae Plectomya 164 66 DBu SF MoS 
Anomalodesmata Pandorida Laternulidae Periplomya 126 56 DBu SF MoS 
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Heterodonta Lucinida Thyasiridae Axinus 66 0.01 DBu SF/O MoS 
Heterodonta Cardiida Mactridae Tresus 56 0 DBu DF MoS 
Heterodonta Lucinida Thyasiridae Axinopsida 56 0 DBu SF/O MoS 
Heterodonta Lucinida Thyasiridae Conchocele 56 0 DBu SF/O MoS 
Heterodonta Lucinida Thyasiridae Parathyasira 56 0 DBu SF/O MoS 
Pteriomorphia Pectinida Myidae Arenomya 56 0 DBu SF MoS 
Heterodonta Cardiida Mactridae Lutraria 37.8 0 DBu DF MoS 
Anomalodesmata Pandorida Laternulidae Anatimya 100 66 DBu SF MoS 
Heterodonta Pholadida Corbulidae Anisocorbula 23 0 DBu SF MoS 
Heterodonta Cardiida Mactridae Eastonia 23 0 DBu DF MoS 
Heterodonta Cardiida Mactridae Zenatiopsis 23 0 DBu DF MoS 
Heterodonta Lucinida Thyasiridae Axinulus 23 0 DBu SF/O MoS 
Heterodonta Pholadida Corbulidae Anapteris 56 33.9 DBu SF MoS 
Heterodonta Pholadida Corbulidae Cuspicorbula 56 33.9 DBu SF MoS 
Heterodonta Cardiida Mactridae Darcinia 56 33.9 DBu DF MoS 
Anomalodesmata Pandorida Laternulidae Capillimya 164 152 DBu SF MoS 
Palaeoheterodonta Trigoniida Mactridae Psammophila 13.8 3.6 DBu DF MoS 
Heterodonta Lucinida Thyasiridae Genaxinus 5.3 0 DBu SF/O MoS 
Heterodonta Lucinida Thyasiridae Leptaxinus 5.3 0 DBu SF/O MoS 
Heterodonta Cardiida Mactridae Zenatraria 1.8 0.01 DBu DF MoS 
Heterodonta Cardiida Mactridae Darina 2.6 1.8 DBu DF MoS 
Heterodonta Lucinida Lucinidae Loripinus 56 0 DBu/SBu SF/O MoS 
Heterodonta Lucinida Lucinidae Anodontia 61.6 0 DBu/SBu SF/O MoS 
Heterodonta Cardiida Tellinidae Austromacoma 23 0 DBu/SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Cymatoica 23 0 DBu/SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Macoma 59.2 0 DBu/SBu DF/SF/O MoS 
Heterodonta Cardiida Tellinidae Macomona 41.2 0 DBu/SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Psammacoma 41.2 0 DBu/SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Rexithaerus 23 0 DBu/SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Panacoma 23 1.8 DBu/SBu DF/SF MoS 
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Heterodonta Cardiida Tellinidae Macoploma 5.3 0 DBu/SBu DF/SF MoS 
Pteriomorphia Pectinida Limidae Serania 247 100 SI SF By 
Pteriomorphia Pectinida Limidae Tirolidia 237 209 SI SF By 
Heterodonta Pholadida Pleurodesmatidae Pleurodesma 23 7.2 SI SF By 
Palaeoheterodonta Fordillida Fordillidae Neofordilla 453 453 SI SF By 
Anomalodesmata Pholadomyida Lipanellidae Cosmogoniophorina 490 445 SI SF By/MoS 
Anomalodesmata Pholadomyida Lipanellidae Lipanella 490 478 SI SF By/MoS 
Anomalodesmata Pholadomyida Lipanellidae Goniophorina 478 272 SI SF By/MoS 
Pteriomorphia Arcida Limopsidae Limopsis 191 0 SI SF By/MoS 
Pteriomorphia Arcida Limopsidae Notolimopsis 56 1.8 SI SF By/MoS 
Pteriomorphia Arcida Limopsidae Lissarca 41.2 0 SI SF By/MoS 
Anomalodesmata Pholadomyida Lipanellidae Paraphtonia 458 419 SI SF By/MoS 
Pteriomorphia Arcida Limopsidae Hoferia 237 209 SI SF By/MoS 
Pteriomorphia Arcida Limopsidae Nucunella 59.2 33.9 SI SF By/MoS 
Pteriomorphia Arcida Limopsidae Empleconia 23 0 SI SF By/MoS 
Pteriomorphia Arcida Limopsidae Vasconella 56 33.9 SI SF By/MoS 
Pteriomorphia Arcida Limopsidae Elegantarca 247 241 SI SF By/MoS 
Pteriomorphia Arcida Glyptarcidae Hemiprionodonta 478 467 SI SF MoS/By 
Pteriomorphia Arcida Glyptarcidae Celtoconcha 478 470 SI SF MoS/By 
Pteriomorphia Pectinida Pectinidae Euvola 20.4 0 SI SF By 
Pteriomorphia Ostreida Pinnidae Pinna 347 0 SI SF By 
Pteriomorphia Ostreida Pinnidae Atrina 247 0 SI SF By 
Pteriomorphia Ostreida Pinnidae Pteronites 427 252 SI SF By 
Pteriomorphia Ostreida Pinnidae Stegoconcha 166 56 SI SF By 
Pteriomorphia Ostreida Pinnidae Trichites 209 100 SI SF/O By 
Pteriomorphia Ostreida Pinnidae Cyrtopinna 100 0 SI SF By 
Pteriomorphia Ostreida Pinnidae Aviculopinna 331 252 SI SF By 
Pteriomorphia Ostreida Pinnidae Meekopinna 315 260 SI SF By 
Pteriomorphia Ostreida Pinnidae Plesiopinna 100 66 SI SF By 
Pteriomorphia Arcida Pinnidae Sulcatopinna 347 315 SI SF By 
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Pteriomorphia Ostreida Pinnidae Streptopinna 23 0 SI SF By 
Pteriomorphia Ostreida Pinnidae Servatrina 16 0 SI SF By 
Pteriomorphia Arcida Cucullaeidae Cucullaea 359 0 SI SF MoS 
Pteriomorphia Arcida Cucullaeidae Lopatinia 164 66 SI SF MoS 
Pteriomorphia Arcida Cucullaeidae Pseudocucullaea 145 66 SI SF MoS 
Pteriomorphia Arcida Cucullaeidae Dicranodonta 157 100 SI 
 
MoS 
Heterodonta Lucinida Cucullaeidae Latiarca 47.8 5.3 SI SF MoS 
Pteriomorphia Arcida Cucullaeidae Megacucullaea 164 126 SI SF MoS 
Pteriomorphia Arcida Cucullaeidae Noramya 139 113 SI SF MoS 
Pteriomorphia Arcida Cucullaeidae Idonearca 72.1 66 SI SF MoS 
Pteriomorphia Arcida Arcidae Anadara 139 0 SI/SBu SF MoS 
Pteriomorphia Myalinida Lunulacardiidae Lunulacardium 426 323 SI SF By 
Pteriomorphia Myalinida Lunulacardiidae Pterochaenia 419 372 SI SF By 
Pteriomorphia Myalinida Lunulicardiidae Chaenocardiola 359 315 SI SF By 
Pteriomorphia Myalinida Lunulacardiidae Prosochasma 419 393 SI SF By 
Pteriomorphia Myalinida Lunulacardiidae Lunulicardia 23 0 SI SF By 
Pteriomorphia Myalinida Lunulacardiidae Patrocardia 433 411 SI SF By 
Pteriomorphia Myalinida Lunulacardiidae Buckhornia 315 307 SI SF By 
Pteriomorphia Myalinida Lunulacardiidae Metrocardia 383 383 SI SF By 
Heterodonta Cardiidia Grammysiidae Solenomorpha 458 228 SI SF MoS/By 
Anomalodesmata Pandorida Lyonsiidae Lyonsia 201 0 SI SF MoS/By 
Heterodonta Cardiidia Grammysiidae Cuneamya 470 323 SI SF MoS/By 
Heterodonta Cardiidia Grammysiidae Grammysia 458 331 SI SF MoS/By 
Heterodonta Cardiidia Grammysiidae Cimitaria 439 331 SI SF MoS/By 
Heterodonta Cardiidia Grammysiidae Ectogrammysia 359 307 SI SF MoS/By 
Heterodonta Cardiidia Grammysiidae Promacrus 359 347 SI SF MoS/By 
Anomalodesmata Poromyida Poromyidae Poromya 126 0 SI C MoS 
Anomalodesmata Poromyida Poromyidae Liopistha 113 66 SI C MoS 
Anomalodesmata Poromyida Poromyidae Psilomya 113 66 SI C MoS 
Anomalodesmata Poromyida Poromyidae Pseudocuspidaria 56 33.9 SI C MoS 
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Anomalodesmata Poromyida Poromyidae Neaeroporomya 56 37.8 SI C MoS 
Anomalodesmata Poromyida Poromyidae Cymella 83.6 66 SI C MoS 
Pteriomorphia Arcida Umburridae Umburra 426 423 SI SF Re 
Heterodonta Cardiida Euloxidae Cabralista 11.6 5.3 SBu SF MoS 
Heterodonta Cardiida Euloxidae Euloxa 11.6 5.3 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Corbicula 201 0 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Dentonia 100 33.9 SBu SF MoS 
Heterodonta Cardiida Veneridae Ameghinomya 66 0.01 SBu SF MoS 
Heterodonta Cardiida Veneridae Atamarcia 47.8 1.8 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Leptesthes 100 66 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Tellinocyclas 66 33.9 SBu SF MoS 
Heterodonta Cardiida Veneridae Anomalocardia 28.1 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Asa 28.1 0 SBu SF MoS 
Heterodonta Cardiida Veneridae Artena 47.8 20.4 SBu SF MoS 
Heterodonta Cardiida Veneridae Aeora 83.6 61.6 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Loxoptychodon 66 47.8 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Paracorbicula 145 131 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Taiwancorbicula 33.9 23 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Cyrenorita 33.9 28.1 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Cyanocyclas 5.3 0 SBu SF MoS 
Heterodonta Cardiida Corbiculidae Cyrenodonax 1.8 0 SBu SF MoS 
Heterodonta Cardiida Coopereliidae Cooperella 16 0 SBu/DBu DF MoS 
Heterodonta Myoida Erodonidae Potamomya 41.2 33.9 SBu SF MoS 
Palaeoheterodonta Unionida Qiyangiidae Qiyangia 199 164 SBu SF MoS 
Anomalodesmata Pholadomyida Ucumariidae Ucumaris 490 478 SBu SF MoS 
Anomalodesmata Pholadomyida Ucumariidae Ucumaropsis 478 467 SBu SF MoS 
Anomalodesmata Pholadomyida Ucumariidae Arenigomya 478 470 SBu SF MoS 
Palaeoheterodonta Fordillida Fordillidae Fordilla 529 514 SBu SF MoS 
Palaeotaxodonta Nuculida Sareptidae Paleyoldia 411 260 SBu DF MoS 
Palaeotaxodonta Nuculida Sareptidae Kalayoldia 37.8 0 SBu DF MoS 
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Palaeotaxodonta Nuculida Sareptidae Yoldia 347 0 SBu/DBu DF MoS 
Heterodonta Carditida Crassatellidae Cypricardella 441 254 SBu SF MoS 
Heterodonta Carditida Crassatellidae Crassatellites 113 0 SBu SF MoS 
Heterodonta Carditida Crassatellidae Ptychomya 157 66 SBu SF MoS 
Heterodonta Carditida Crassatellidae Bathytormus 83.6 0 SBu SF MoS 
Heterodonta Carditida Crassatellidae Chattonia 66 0 SBu SF MoS 
Heterodonta Carditida Crassatellidae Crassatina 66 0 SBu SF MoS 
Heterodonta Carditida Crassatellidae Anthonya 131 66 SBu SF MoS 
Heterodonta Carditida Crassatellidae Oriocrassatella 323 269 SBu SF MoS 
Heterodonta Carditida Crassatellidae Remondia 145 100 SBu SF MoS 
Heterodonta Carditida Crassatellidae Salaputium 41.2 0 SBu SF MoS 
Heterodonta Carditida Ptychomyidae Pleuroconcha 100 66 SBu SF MoS 
Heterodonta Cardioni Coxiconchiidae Coxiconchia 490 458 SBu SF MoS 
Heterodonta Carditida Crassatellidae Mediraon 126 113 SBu SF MoS 
Heterodonta Carditida Cardiniidae Nidarica 183 183 SBu SF MoS 
Heterodonta Carditida Astartidae Astarte 458 0 SBu SF MoS 
Heterodonta Carditida Astartidae Bythiamena 383 5.3 SBu SF MoS 
Heterodonta Carditida Astartidae Nicaniella 228 56 SBu SF MoS 
Heterodonta Carditida Astartidae Coelopis 247 100 SBu SF MoS 
Heterodonta Carditida Astartidae Opis 209 66 SBu SF MoS 
Heterodonta Carditida Astartidae Cardiniopsis 170 33.9 SBu SF MoS 
Heterodonta Carditida Astartidae Opisoma 199 66 SBu SF/O MoS 
Heterodonta Carditida Astartidae Eodon 411 299 SBu SF MoS 
Heterodonta Carditida Astartidae Coelastarte 201 89.8 SBu SF MoS 
Heterodonta Carditida Astartidae Eriphyla 170 61.6 SBu SF MoS 
Heterodonta Carditida Astartidae Astartopsis 252 145 SBu SF MoS 
Heterodonta Carditida Astartidae Astartella 347 247 SBu SF MoS 
Heterodonta Carditida Astartidae Trigonastarte 164 66 SBu SF MoS 
Heterodonta Carditida Astartidae Eriphylopsis 100 11.6 SBu SF MoS 
Heterodonta Carditida Astartidae Freiastarte 152 66 SBu SF MoS 
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Heterodonta Carditida Astartidae Disparilia 145 61.6 SBu SF MoS 
Heterodonta Carditida Astartidae Seebachia 201 131 SBu SF MoS 
Heterodonta Carditida Astartidae Praeconia 209 145 SBu SF MoS 
Heterodonta Carditida Astartidae Yabea 164 100 SBu SF MoS 
Heterodonta Carditida Astartidae Astartemya 126 66 SBu SF MoS 
Heterodonta Carditida Astartidae Pressastarte 191 139 SBu SF MoS 
Heterodonta Carditida Astartidae Crassatellina 113 66 SBu SF MoS 
Heterodonta Carditida Astartidae Seendia 145 100 SBu SF MoS 
Heterodonta Carditida Astartidae Trautscholdia 183 145 SBu SF MoS 
Heterodonta Carditida Astartidae Isocrassina 37.8 0 SBu SF MoS 
Heterodonta Carditida Astartidae Sita 72.1 37.8 SBu SF MoS 
Heterodonta Carditida Astartidae Alleinacin 100 66 SBu SF MoS 
Heterodonta Carditida Astartidae Digitaria 33.9 0 SBu SF MoS 
Heterodonta Carditida Astartidae Goodallia 33.9 0 SBu SF MoS 
Heterodonta Carditida Astartidae Herzogina 164 131 SBu SF MoS 
Heterodonta Carditida Astartidae Ashtarotha 33.9 1.8 SBu SF MoS 
Heterodonta Carditida Astartidae Carinastarte 33.9 1.8 SBu SF MoS 
Heterodonta Carditida Astartidae Crassatellopsis 419 388 SBu SF MoS 
Heterodonta Carditida Astartidae Astartellopsis 272 241 SBu SF MoS 
Heterodonta Carditida Astartidae Prorokia 170 139 SBu SF MoS 
Heterodonta Carditida Astartidae Lirodiscus 61.6 33.9 SBu SF MoS 
Heterodonta Carditida Astartidae Astartoides 126 100 SBu SF MoS 
Heterodonta Carditida Astartidae Megapraeconia 170 145 SBu SF MoS 
Heterodonta Carditida Astartidae Pachyopis 170 145 SBu SF MoS 
Heterodonta Carditida Astartidae Nicania 23 0 SBu SF MoS 
Heterodonta Carditida Astartidae Tridonta 23 0 SBu SF MoS 
Heterodonta Carditida Astartidae Crustuloides 56 37.8 SBu SF MoS 
Heterodonta Carditida Astartidae Nargunella 411 393 SBu SF MoS 
Heterodonta Carditida Astartidae Dozyia 83.6 66 SBu SF MoS 
Heterodonta Carditida Astartidae Anderkenia 458 444 SBu SF MoS 
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Heterodonta Carditida Astartidae Balantioselena 241 228 SBu SF MoS 
Heterodonta Carditida Astartidae Hemimenia 170 157 SBu SF MoS 
Heterodonta Carditida Astartidae Lyapinella 152 139 SBu SF MoS 
Heterodonta Carditida Astartidae Amphiaraus 126 113 SBu SF MoS 
Heterodonta Carditida Astartidae Middalya 272 260 SBu SF MoS 
Pteriomorphia Arcida Astartidae Pruvostiella 315 307 SBu SF MoS 
Heterodonta Carditida Astartidae Permartella 279 272 SBu SF MoS 
Heterodonta Carditida Astartidae Digitariopsis 23 16 SBu SF MoS 
Heterodonta Carditida Astartidae Leckhamptonia 170 164 SBu SF MoS 
Heterodonta Carditida Astartidae Notoastarte 170 164 SBu SF MoS 
Heterodonta Carditida Astartidae Oxyloma 170 164 SBu SF MoS 
Heterodonta Carditida Astartidae Rictocyma 5.3 0 SBu SF MoS 
Heterodonta Carditida Astartidae Woodia 37.8 33.9 SBu SF MoS 
Heterodonta Carditida Astartidae Prosocoelus 411 408 SBu SF MoS 
Heterodonta Carditida Astartidae Tripleura 411 408 SBu SF MoS 
Heterodonta Carditida Cardiniidae Pseudastarte 201 199 SBu SF MoS 
Heterodonta Carditida Astartidae Ancliffia 166 164 SBu SF MoS 
Heterodonta Carditida Astartidae Lirotarte 5.3 3.6 SBu SF MoS 
Heterodonta Carditida Astartidae Taxocardia 2.6 1.8 SBu SF MoS 
Heterodonta Carditida Astartidae Gonilia 0.01 0 SBu SF MoS 
Heterodonta Carditida Astartidae Neocrassina 100 100 SBu SF MoS 
Heterodonta Carditida Astartidae Trigonopis 100 100 SBu SF MoS 
Heterodonta Carditida Astartidae Ensio 199 145 SBu SF MoS 
Heterodonta Pholadida Corbulidae Bothrocorbula 66 0.01 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Aloidis 23 1.8 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Aloides 11.6 5.3 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Juliacorbula 83.6 0 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Varicorbula 72.1 0 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Physoida 56 0 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Tenuicorbula 56 0 SBu SF By/MoS 
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Heterodonta Pholadida Corbulidae Erodona 37.8 0 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Hexacorbula 23 0 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Corbulomya 56 37.8 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Lenticorbula 33.9 16 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Solidicorbula 16 0 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Ficusocorbula 47.8 33.9 SBu SF By/MoS 
Heterodonta Cardiida Corbulidae Serracorbula 11.6 2.6 SBu SF By/MoS 
Heterodonta Pholadida Corbulidae Indocorbula 170 164 SBu SF By/MoS 
Heterodonta Cardiida Tellinidae Laciolina 126 0 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Cyprimeria 126 2.6 SBu SF MoS 
Heterodonta Cardiida Veneridae Cytherea 113 7.2 SBu SF MoS 
Heterodonta Cardiida Quenstedtiidae Quenstedtia 199 100 SBu DF MoS 
Heterodonta Cardiida Tellinidae Tellinella 86.3 0 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Cyclorisma 145 66 SBu SF MoS 
Heterodonta Cardiida Tellinidae Tellidora 72.1 0 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Cyclina 72.1 0 SBu SF MoS 
Heterodonta Pholadida Corbulidae Corbulomima 183 113 SBu SF MoS 
Heterodonta Cardiida Tellinidae Linearia 134 66 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Angulus 61.6 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Macaliopsis 66 5.3 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Liothyris 126 66 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Nelltia 126 66 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Moerella 59.2 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Elliptotellina 59.2 0.01 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Cyclotellina 56 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Eurytellina 56 0 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Compsomyax 56 0 SBu SF/O MoS 
Heterodonta Pholadida Corbulidae Corbulamella 100 47.8 SBu SF MoS 
Heterodonta Cardiida Tellinidae Arcopaginula 47.8 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Homalina 47.8 0 SBu DF/SF MoS 
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Heterodonta Cardiida Tellinidae Peronaea 47.8 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Peronidia 47.8 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Pharaonella 47.8 0 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Clausinella 47.8 0 SBu SF MoS 
Heterodonta Cardiida Tellinidae Acorylus 41.2 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Merisca 37.8 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Semelangulus 37.8 0 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Dosina 37.8 0 SBu SF MoS 
Heterodonta Cardiida Tellinidae Agnomyax 100 66 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Tellipiura 100 66 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Oudardia 33.9 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Tellinides 33.9 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Phyllodina 28.1 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Tellinota 28.1 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Megangulus 23 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Olcesia 28.1 5.3 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Gastranopsis 56 33.9 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Sinuosipagia 56 33.9 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Dollfusia 56 33.9 SBu SF MoS 
Heterodonta Cardiida Tellinidae Finlayella 23 1.8 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Fabulina 20.4 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Serratina 20.4 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Punipagia 16 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Scissula 16 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Scissulina 16 0 SBu DF/SF MoS 
Heterodonta Cardiida Veneridae Cyclinorbis 23 16 SBu SF MoS 
Heterodonta Cardiida Tellinidae Metis 47.8 41.2 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Pseudoarcopagia 11.6 5.3 SBu DF/SF MoS 
Heterodonta Pholadida Corbulidae Tiza 33.9 28.1 SBu SF MoS 
Heterodonta Cardiida Lymnocardiidae Korobkoviella 33.9 28.1 SBu SF MoS 
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Heterodonta Cardiida Tellinidae Loxoglypta 5.3 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Pseudarcopagia 5.3 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Quadrans 5.3 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Pseudocyrena 5.3 0 SBu DF/SF MoS 
Heterodonta Cardiida Lymnocardiidae Hypanis 3.6 0 SBu SF MoS 
Heterodonta Cardiida Lymnocardiidae Dacicardium 5.3 1.8 SBu SF MoS 
Heterodonta Cardiida Tellinidae Saulella 59.2 56 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Clathrotellina 2.6 0.01 SBu DF/SF MoS 
Heterodonta Cardiida Lymnocardiidae Plicatiforma 13.8 11.6 SBu SF MoS 
Palaeotaxodonta Nuculida Veneridae Dione 16 13.8 SBu SF MoS 
Heterodonta Cardiida Lymnocardiidae Eupatorina 7.2 5.3 SBu SF MoS 
Heterodonta Cardiida Lymnocardiidae Prosodacnomya 7.2 5.3 SBu SF MoS 
Heterodonta Cardiida Tellinidae Hemimetis 3.6 2.6 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Tellina 260 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Scutarcopagia 11.6 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Pinguitellina 1.8 0 SBu DF/SF MoS 
Heterodonta Cardiida Tellinidae Quidnipagus 1.8 0 SBu DF/SF MoS 
Heterodonta Pholadida Corbulidae Corbula 247 0 SBu SF/O MoS 
Heterodonta Cardiida Mactridae Mactra 199 0 SBu DF MoS 
Heterodonta Pholadida Corbulidae Cuneocorbula 139 11.6 SBu SF MoS 
Heterodonta Pholadida Corbulidae Bicorbula 72.1 0 SBu SF MoS 
Heterodonta Cardiida Mactridae Hemimactra 66 0 SBu DF MoS 
Heterodonta Cardiida Mactridae Geltena 131 66 SBu DF MoS 
Anomalodesmata Thraciida Thraciidae Corymya 126 66 SBu SF MoS 
Heterodonta Cardiida Mactridae Longimactra 56 0 SBu DF MoS 
Heterodonta Cardiida Mactridae Eomactra 56 1.8 SBu DF MoS 
Heterodonta Cardiida Mactridae Scalpomactra 47.8 0 SBu DF MoS 
Heterodonta Cardiida Mactridae Cymbophora 113 66 SBu DF MoS 
Heterodonta Pholadida Corbulidae Pulsidis 134 89.8 SBu SF MoS 
Heterodonta Cardiida Mactridae Barymactra 56 16 SBu DF MoS 
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Heterodonta Cardiida Mactridae Mulinia 37.8 0 SBu DF MoS 
Anomalodesmata Thraciida Thraciidae Cyathodonta 37.8 0 SBu SF MoS 
Heterodonta Pholadida Corbulidae Nipponicorbula 100 66 SBu SF MoS 
Heterodonta Cardiida Mactridae Aliomactra 100 66 SBu DF MoS 
Heterodonta Cardiida Mactridae Pseudocardium 33.9 0 SBu DF MoS 
Heterodonta Pholadida Corbulidae Eoursivivas 145 113 SBu SF MoS 
Anomalodesmata Thraciida Thraciidae Phragmorisma 28.1 0 SBu SF MoS 
Heterodonta Cardiida Mactridae Crepispisula 59.2 33.9 SBu DF MoS 
Heterodonta Cardiida Mactridae Mactrinula 23 0 SBu DF MoS 
Heterodonta Cardiida Mactridae Harvella 23 0.01 SBu DF MoS 
Heterodonta Cardiida Mactridae Eopapyrina 37.8 16 SBu DF MoS 
Heterodonta Cardiida Mactridae Maorimactra 20.4 0 SBu DF MoS 
Pteriomorphia Pectinida Mactridae Micromactra 20.4 0.01 SBu DF MoS 
Heterodonta Cardiida Mactridae Mactrotoma 20.4 0.01 SBu DF MoS 
Heterodonta Cardiida Mactridae Leptomactra 20.4 1.8 SBu DF MoS 
Heterodonta Cardiida Mactridae Caspimactra 23 5.3 SBu DF MoS 
Heterodonta Cardiida Mactridae Dobrogimactra 23 5.3 SBu DF MoS 
Heterodonta Pholadida Corbulidae Flexicorbula 83.6 66 SBu SF MoS 
Heterodonta Cardiida Mactridae Mactrodesma 16 2.6 SBu DF MoS 
Heterodonta Lucinida Thyasiridae Adontorhina 11.6 0 SBu SF MoS 
Palaeotaxodonta Nuculida Mactridae Cryptodon 13.8 2.6 SBu DF MoS 
Heterodonta Cardiida Mactridae Cryptomactra 16 5.3 SBu DF MoS 
Heterodonta Cardiida Mactridae Electromactra 16 5.3 SBu DF MoS 
Heterodonta Cardiida Mactridae Sarmatimactra 13.8 5.3 SBu DF MoS 
Heterodonta Pholadida Corbulidae Antiquicorbula 209 201 SBu SF MoS 
Heterodonta Pholadida Corbulidae Coquandia 100 93.9 SBu SF MoS 
Heterodonta Cardiida Mactridae Cyclomactra 5.3 0 SBu DF MoS 
Heterodonta Cardiida Mactridae Allomactra 20.4 16 SBu DF MoS 
Heterodonta Cardiida Mactridae Scissodesma 3.6 0.01 SBu DF MoS 
Heterodonta Cardiida Mactridae Andrusella 5.3 1.8 SBu DF MoS 
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Heterodonta Cardiida Mactridae Avimactra 5.3 1.8 SBu DF MoS 
Anomalodesmata Thraciida Thraciidae Thraciopsis 0.01 0.01 SBu SF MoS 
Palaeoheterodonta Trigoniida Lyrodesmatidae Pseudarca 467 359 SBu SF MoS 
Palaeoheterodonta Trigoniida Lyrodesmatidae Lyrodesma 470 411 SBu SF MoS 
Palaeoheterodonta Trigoniida Lyrodesmatidae Tanaodon 393 383 SBu SF MoS 
Palaeoheterodonta Trigoniida Lyrodesmatidae Noradonta 470 467 SBu SF MoS 
Heterodonta Cardiida Veneridae Cyclinella 56 0 SBu/DBu SF MoS 
Heterodonta Cardiida Ungulinidae Diplodonta 139 0 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Zemysia 83.6 0 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Felaniella 66 0 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Microstagon 66 0 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Taras 61.6 0.01 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Bruetia 66 5.3 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Cycladicama 56 0 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Timothynus 56 0 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Zemysina 56 0 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Phlyctiderma 47.8 0 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Joannisiella 47.8 0.01 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Ungulina 23 0 SBu SF MoS 
Heterodonta Cardiida Ungulinidae Brachymeris 83.6 66 SBu SF MoS 
Heterodonta Cardiida Dreissenidae Congeria 28.1 0.01 SE SF By 
Heterodonta Cardiida Dreissenidae Dreissena 83.6 5.3 SE SF By 
Heterodonta Cardiida Dreissenidae Mytilopsis 33.9 0.01 SE SF By 
Heterodonta Cardiida Dreissenidae Prodreissensia 33.9 28.1 SE SF By 
Heterodonta Cardiida Dreissenidae Dreissenomya 5.3 1.8 SE SF By 
Heterodonta Cardiida Dreissenidae Sinucongeria 5.3 1.8 SE SF By 
Pteriomorphia Pectinida Spondylidae Spondylus 201 0 SE SF Ce 
Pteriomorphia Pectinida Spondylidae Dianchora 157 66 SE SF Ce 
Heterodonta Cardiida Turtoniidae Turtonia 23 0 SE SF By 
Uncertain Tuarangiida Tuarangiidae Tuarangia 505 501 SE SF Re 
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Heterodonta Cardiida Leptonidae Temblornia 56 1.8 SE SF By 
Pteriomorphia Arcida Arcidae Eonavicula 228 0 SE SF By 
Pteriomorphia Arcida Arcidae Quadrilatera 56 0 SE SF By 
Pteriomorphia Arcida Arcidae Hawaiarca 47.8 0 SE SF By 
Heterodonta Hiatellida Arcidae Rostarca 66 41.2 SE SF By 
Pteriomorphia Arcida Arcidae Didimacar 16 0 SE SF By 
Pteriomorphia Arcida Arcidae Halonanus 41.2 33.9 SE SF By 
Pteriomorphia Arcida Arcidae Sanoarca 100 93.9 SE SF By 
Pteriomorphia Arcida Arcidae Rasia 28.1 23 SE SF By 
Pteriomorphia Arcida Arcidae Hoernesarca 5.3 1.8 SE SF By 
Pteriomorphia Arcida Arcidae Kikaiarca 1.8 0 SE SF By 
Heterodonta Cardiida Kelliidae Virmysella 445 16 SE SF By 
Pteriomorphia Mytilida Mytilidae Mytilus 419 0 SE SF By 
Pteriomorphia Arcida Pectinoidae Pseudamusium 359 2.6 SE SF By 
Pteriomorphia Pectinida Pectinoidae Pseudamussium 323 0 SE SF By 
Pteriomorphia Arcida Arcidae Arca 269 0 SE SF By 
Pteriomorphia Pectinida Limidae Palaeolima 359 100 SE SF By 
Pteriomorphia Mytilida Mytilidae Septifer 254 0 SE SF By 
Pteriomorphia Pectinida Limidae Limea 247 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Camptonectes 265 23 SE SF By 
Pteriomorphia Pectinida Limidae Limaria 241 0 SE SF By 
Heterodonta Cardiida Limidae Limatulella 241 0 SE SF By 
Pteriomorphia Arcida Arcidae Barbatia 209 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Perna 201 0 SE SF By 
Heterodonta Cardiida Pectinoidae Vola 201 0.01 SE SF By 
Pteriomorphia Mytilida Mytilidae Musculus 191 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Mytilaster 174 0 SE SF By 
Pteriomorphia Pectinida Limidae Acesta 164 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Delectopecten 164 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Lyriochlamys 228 66 SE SF By 
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Pteriomorphia Mytilida Mytilidae Arcoperna 164 2.6 SE SF By 
Pteriomorphia Pectinida Limidae Ctenoides 157 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Arcomytilus 183 28.1 SE SF By 
Pteriomorphia Myalinida Mysidiellidae Mysidiella 247 100 SE SF By 
Pteriomorphia Mytilida Mytilidae Falcimytilus 247 100 SE SF By 
Pteriomorphia Pectinida Pectinoidae Janopecten 247 100 SE SF By 
Pteriomorphia Pectinida Pectinidae Neithea 201 61.6 SE SF By 
Pteriomorphia Pectinida Pectinoidae Mimachlamys 134 0 SE SF By 
Pteriomorphia Pectinida Limidae Antiquilima 241 113 SE SF By 
Heterodonta Cardiida Limidae Mantellum 126 0.01 SE SF By 
Pteriomorphia Mytilida Mytilidae Lycettia 191 66 SE SF By 
Pteriomorphia Pectinida Pectinidae Eburneopecten 126 2.6 SE SF By 
Heterodonta Cardiida Pectinoidae Janira 139 16 SE SF By 
Pteriomorphia Pectinida Pectinoidae Camptochlamys 174 59.2 SE SF By 
Pteriomorphia Mytilida Mytilidae Crenella 113 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Promytilus 359 247 SE SF By 
Pteriomorphia Pectinida Limipectinidae Acanthopecten 359 252 SE SF By 
Pteriomorphia Pectinida Pectinidae Praechlamys 252 145 SE SF By 
Pteriomorphia Arcida Arcidae Cucullaearca 100 0 SE SF By 
Pteriomorphia Arcida Arcidae Striarca 100 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Velata 247 152 SE SF By 
Pteriomorphia Pectinida Pectinidae Tosapecten 237 145 SE SF By 
Pteriomorphia Ostreida Pergamidiidae Manticula 228 139 SE SF By 
Pteriomorphia Pectinida Pectinidae Lyropecten 89.8 1.8 SE SF By 
Pteriomorphia Pectinida Limidae Ctenostreon 209 131 SE SF By 
Pteriomorphia Pectinida Pectinidae Neithella 139 66 SE SF By 
Pteriomorphia Pectinida Pectinidae Neitheops 139 66 SE SF By 
Pteriomorphia Arcida Arcidae Acar 72.1 0 SE SF By 
Pteriomorphia Arcida Arcidae Bathyarca 72.1 0 SE SF By 
Heterodonta Cardiida Galeommatidae Scintilla 72.1 0 SE SF By 
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Heterodonta Cardiida Galeommatidae Spaniorinus 72.1 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Dacrydium 72.1 0 SE SF By 
Pteriomorphia Arcida Arcidae Trinacria 83.6 11.6 SE SF By 
Heterodonta Cardiida Kelliidae Bornia 66 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Arcuatula 66 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Mytilisepta 66 0 SE SF By 
Heterodonta Cardiida Sportellidae Anisodonta 66 0 SE SF By 
Heterodonta Cardiida Sportellidae Fulcrella 66 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Talochlamys 66 0.01 SE SF By 
Pteriomorphia Pectinida Pectinidae Ochotochlamys 247 183 SE SF By 
Pteriomorphia Pectinida Pectinidae Radulonectites 247 183 SE SF By 
Pteriomorphia Mytilida Mytilidae Aulacomya 61.6 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Altaipecten 359 299 SE SF By 
Pteriomorphia Arcida Arcidae Calloarca 59.2 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Palliolum 59.2 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Serripecten 61.6 3.6 SE SF By 
Heterodonta Cardiida Sportellidae Cerullia 59.2 1.8 SE SF By 
Heterodonta Cardiida Sportellidae Hindsiella 72.1 16 SE SF By 
Heterodonta Cardiida Gaimardiidae Gaimardia 56 0 SE SF By 
Heterodonta Cardiida Kelliidae Kellia 56 0 SE SF/O By 
Heterodonta Cardiida Kelliidae Montacuta 56 0 SE SF By 
Heterodonta Cardiida Kelliidae Mysella 56 0 SE SF By 
Heterodonta Cardiida Lasaeidae Lasaea 56 0 SE SF By 
Heterodonta Cardiida Lasaeidae Scacchia 56 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Crenomytilus 56 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Hormomya 56 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Mesopeplum 56 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Zygochlamys 56 0 SE SF By 
Heterodonta Cardiida Sportellidae Basterotia 56 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Volsellina 315 260 SE SF By 
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Pteriomorphia Pectinida Pectinidae Pseudentolium 56 1.8 SE SF By 
Pteriomorphia Pectinida Pectinoidae Lentipecten 56 1.8 SE SF By 
Pteriomorphia Pectinida Pectinidae Jorgechlamys 56 2.6 SE SF By 
Pteriomorphia Pectinida Leiopectinidae Leiopecten 444 393 SE SF By 
Pteriomorphia Mytilida Mytilidae Phthonia 423 372 SE SF By 
Pteriomorphia Mytilida Mytilidae Mauricia 56 5.3 SE SF By 
Pteriomorphia Pectinida Pectinoidae Dhondtichlamys 83.6 33.9 SE SF By 
Pteriomorphia Mytilida Mytilidae Modiolula 47.8 0 SE SF By 
Pteriomorphia Arcida Arcidae Fossularca 47.8 0.01 SE SF By 
Pteriomorphia Arcida Arcidae Breviarca 113 66 SE SF By 
Pteriomorphia Pectinida Pectinoidae Duplipecten 56 11.6 SE SF By 
Pteriomorphia Pectinida Pectinoidae Hilberia 56 11.6 SE SF By 
Pteriomorphia Myalinida Mysidiellidae Protopis 252 209 SE SF By 
Pteriomorphia Pectinida Pectinidae Pleuronectites 252 209 SE SF By 
Pteriomorphia Mytilida Mytilidae Trichomusculus 41.2 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Modiolaria 41.2 0.01 SE SF By 
Pteriomorphia Cyrtodontida Stolidotidae Mila 433 393 SE SF By 
Pteriomorphia Cyrtodontida Stolidotidae Tenka 458 419 SE SF By 
Pteriomorphia Pectinida Pectinidae Mclearnia 152 113 SE SF By 
Heterodonta Lucinida Arcidae Obliquarca 41.2 2.6 SE SF By 
Pteriomorphia Mytilida Mytilidae Botulopsis 247 209 SE SF By 
Pteriomorphia Pectinida Pectinidae Amphijanira 247 209 SE SF By 
Pteriomorphia Pectinida Pectinidae Spondylopecten 183 145 SE SF By 
Heterodonta Cardiida Kelliidae Pythina 37.8 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Exosiperna 37.8 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Flexopecten 37.8 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Semipallium 37.8 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Swiftopecten 37.8 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Anatipopecten 37.8 1.8 SE SF By 
Pteriomorphia Pectinida Pectinidae Agerchlamys 209 174 SE SF By 
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Pteriomorphia Pectinida Leiopectinidae Palaeopecten 427 393 SE SF By 
Pteriomorphia Arcida Arcidae Linter 100 66 SE SF By 
Pteriomorphia Arcida Arcidae Matsumotoa 100 66 SE SF By 
Pteriomorphia Mytilida Mytilidae Lecompteus 100 66 SE SF By 
Pteriomorphia Pectinida Pectinidae Merklinia 100 66 SE SF By 
Pteriomorphia Pectinida Pectinidae Pethopecten 100 66 SE SF By 
Pteriomorphia Mytilida Mytilidae Solamen 33.9 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Manupecten 33.9 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Decatopecten 33.9 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Antillipecten 33.9 0.01 SE SF By 
Heterodonta Cardiida Cardiidae Avicularium 56 23 SE SF By 
Pteriomorphia Pectinida Pectinidae Fortipecten 33.9 1.8 SE SF By 
Pteriomorphia Pectinida Pectinidae Gigantopecten 33.9 1.8 SE SF By 
Heterodonta Cardiida Cardiidae Byssocardium 47.8 16 SE SF By 
Pteriomorphia Pectinida Pectinidae Radulopecten 174 145 SE SF By 
Pteriomorphia Pectinida Pectinidae Mixtipecten 89.8 61.6 SE SF By 
Pteriomorphia Pectinida Pectinidae Nodipecten 28.1 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Gloripallium 28.1 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Leochlamys 28.1 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Patinopecten 28.1 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Nanaochlamys 28.1 0.01 SE SF By 
Pteriomorphia Pectinida Pectinoidae Lindapecten 28.1 0.01 SE SF By 
Pteriomorphia Pectinida Limidae Badiotella 237 209 SE SF By 
Pteriomorphia Pectinida Pectinidae Nippononectes 93.9 66 SE SF By 
Pteriomorphia Arcida Arcidae Plagiarca 47.8 20.4 SE SF By 
Pteriomorphia Ostreida Pergamidiidae Krumbeckiella 228 201 SE SF By 
Pteriomorphia Pectinida Pectinidae Costellamussiopecten 33.9 7.2 SE SF By 
Pteriomorphia Pectinida Pectinidae Lituyapecten 28.1 1.8 SE SF By 
Pteriomorphia Pectinida Pectinidae Sectipecten 28.1 1.8 SE SF By 
Pteriomorphia Pectinida Pectinidae Vertipecten 37.8 11.6 SE SF By 
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Pteriomorphia Mytilida Mytilidae Antetrichomya 59.2 33.9 SE SF By 
Pteriomorphia Cyrtodontida Stolidotidae Stolidotus 444 419 SE SF By 
Pteriomorphia Pectinida Pectinoidae Austrohinnites 28.1 3.6 SE SF By 
Pteriomorphia Myalinida Mysidiellidae Promysidiella 252 228 SE SF By 
Pteriomorphia Pectinida Pectinoidae Boreionectes 157 134 SE SF By 
Pteriomorphia Arcida Arcidae Bentharca 23 0 SE SF By 
Heterodonta Cardiida Erycinidae Amerycina 23 0 SE SF By 
Heterodonta Cardiida Galeommatidae Scintillona 23 0 SE SF By 
Heterodonta Cardiida Kelliidae Tellimya 23 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Myoforceps 23 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Trichomya 23 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Mirapecten 23 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Volachlamys 23 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Anguipecten 23 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Azumapecten 23 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Convexopecten 23 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Hyalopecten 23 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Mizuhopecten 23 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Pacipecten 23 0 SE SF By 
Heterodonta Cardiida Sportellidae Basterotella 23 0 SE SF By 
Heterodonta Cardiida Sportellidae Fabella 23 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Carolinapecten 23 0.01 SE SF By 
Pteriomorphia Arcida Arcidae Noetiopsis 56 33.9 SE SF By 
Pteriomorphia Arcida Arcidae Pachecoa 56 33.9 SE SF By 
Pteriomorphia Arcida Arcidae Trigonodesma 56 33.9 SE SF By 
Pteriomorphia Pectinida Pectinidae Rebeccapecten 37.8 16 SE SF By 
Pteriomorphia Pectinida Pectinoidae Victoripecten 37.8 16 SE SF By 
Pteriomorphia Arcida Arcidae Taeniarca 23 1.8 SE SF By 
Pteriomorphia Pectinida Pectinidae Stralopecten 23 1.8 SE SF By 
Pteriomorphia Arcida Arcidae Ovalarca 23 2.6 SE SF By 
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Pteriomorphia Pectinida Pectinoidae Annachlamys 20.4 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Caribachlamys 20.4 0 SE SF By 
Pteriomorphia Pectinida Limidae Leptolima 272 252 SE SF By 
Heterodonta Cardiida Cardiidae Goniacardia 23 3.6 SE SF By 
Pteriomorphia Pectinida Pectinidae Antijanira 247 228 SE SF By 
Pteriomorphia Pectinida Pectinidae Crenamussium 228 209 SE SF By 
Pteriomorphia Pectinida Pectinidae Costicamptonectes 164 145 SE SF By 
Pteriomorphia Pectinida Pectinidae Indonectes 164 145 SE SF By 
Pteriomorphia Pectinida Pectinidae Chesapecten 20.4 1.8 SE SF By 
Heterodonta Hippuritida Pectinoidae Oopecten 33.9 16 SE SF By 
Heterodonta Cardiida Kelliidae Mioerycina 20.4 2.6 SE SF By 
Pteriomorphia Mytilida Mytilidae Mytiloconcha 20.4 2.6 SE SF By 
Pteriomorphia Mytilida Mytilidae Plicatomytilus 23 5.3 SE SF By 
Pteriomorphia Pectinida Pectinidae Capedopecten 23 5.3 SE SF By 
Pteriomorphia Pectinida Pectinidae Micronectes 83.6 66 SE SF By 
Pteriomorphia Pectinida Pectinidae Radiopecten 83.6 66 SE SF By 
Pteriomorphia Pectinida Pectinidae Hunanopecten 269 252 SE SF By 
Heterodonta Cardiida Galeommatidae Solecardia 16 0 SE SF By 
Heterodonta Cardiida Kelliidae Aligena 16 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Leptopecten 16 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Minnivola 16 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Cryptopecten 16 0 SE SF By 
Heterodonta Cardiida Sportellidae Ensitellops 16 0 SE SF By 
Pteriomorphia Arcida Arcidae Argina 16 0.01 SE SF By 
Pteriomorphia Pectinida Pectinidae Korobkovia 20.4 5.3 SE SF By 
Pteriomorphia Pectinida Pectinidae Janupecten 37.8 23 SE SF By 
Pteriomorphia Ostreida Vlastidae Shaninopsis 458 444 SE SF By 
Pteriomorphia Arcida Arcidae Protonoetia 47.8 33.9 SE SF By 
Pteriomorphia Pectinida Pectinidae Batequeus 47.8 33.9 SE SF By 
Pteriomorphia Ostreida Vulsellidae Euphenax 47.8 33.9 SE SF By 
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Pteriomorphia Pectinida Pectinidae Kotorapecten 20.4 7.2 SE SF By 
Pteriomorphia Mytilida Mytilidae Cuneolus 126 113 SE SF By 
Pteriomorphia Mytilida Mytilidae Eyrena 126 113 SE SF By 
Pteriomorphia Pectinida Pectinidae Dimarzipecten 28.1 16 SE SF By 
Pteriomorphia Pectinida Pectinoidae Notochlamys 28.1 16 SE SF By 
Pteriomorphia Mytilida Mytilidae Aeidimytilus 11.6 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Ischadium 11.6 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Xenostrobus 11.6 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Excellichlamys 11.6 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Spathochlamys 11.6 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Equichlamys 11.6 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Laevichlamys 11.6 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Lepidopecten 23 11.6 SE SF By 
Pteriomorphia Pectinida Pectinidae Periclaraia 252 241 SE SF By 
Pteriomorphia Mytilida Mytilidae Idas 33.9 23 SE O/C By 
Pteriomorphia Pectinida Pectinidae Miyagipecten 16 5.3 SE SF By 
Heterodonta Cardiida Leptonidae Anomalokellia 66 56 SE SF By 
Pteriomorphia Pectinida Pectinidae Yabepecten 11.6 1.8 SE SF By 
Pteriomorphia Pectinida Pectinidae Granulochlamys 237 228 SE SF By 
Pteriomorphia Pectinida Pectinidae Pseudovola 166 157 SE SF By 
Heterodonta Cardiida Galeommatidae Lasaeina 20.4 11.6 SE SF By 
Pteriomorphia Pectinida Pectinidae Antipecten 20.4 11.6 SE SF By 
Pteriomorphia Mytilida Mytilidae Mytilosootus 56 47.8 SE SF By 
Pteriomorphia Ostreida Vlastidae Sluzka 419 411 SE SF By 
Pteriomorphia Ostreida Pergamidiidae Semuridia 199 191 SE SF By 
Pteriomorphia Pectinida Pectinidae Athlopecten 28.1 20.4 SE SF By 
Pteriomorphia Arcida Arcidae Arginella 41.2 33.9 SE SF By 
Pteriomorphia Arcida Arcidae Arginopsis 41.2 33.9 SE SF By 
Pteriomorphia Pectinida Pectinoidae Abrachlamys 23 16 SE SF By 
Pteriomorphia Pectinida Pectinidae Giraliapecten 72.1 66 SE SF By 
411 
Pteriomorphia Pectinida Pectinidae Phialopecten 7.2 1.8 SE SF By 
Pteriomorphia Arcida Arcidae Fugleria 5.3 0 SE SF By 
Heterodonta Cardiida Gaimardiidae Costokidderia 5.3 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Zelithophaga 5.3 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Haumea 5.3 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Lissopecten 5.3 0 SE SF By 
Heterodonta Cardiida Leptonidae Dicranodesma 16 11.6 SE SF By 
Pteriomorphia Mytilida Mytilidae Adipicola 16 11.6 SE SF/O By 
Pteriomorphia Pectinida Pectinoidae Christinapecten 16 11.6 SE SF By 
Pteriomorphia Pectinida Pectinoidae Dichotochlamys 16 11.6 SE SF By 
Pteriomorphia Pectinida Pectinoidae Veprichlamys 16 11.6 SE SF By 
Pteriomorphia Pectinida Pectinidae Loxochlamys 241 237 SE SF By 
Pteriomorphia Pectinida Pectinidae Nevadapecten 241 237 SE SF By 
Pteriomorphia Pectinida Limidae Promantellum 37.8 33.9 SE SF By 
Pteriomorphia Mytilida Mytilidae Chloromytilus 3.6 0.01 SE SF By 
Pteriomorphia Mytilida Mytilidae Nodomytilus 134 131 SE SF By 
Heterodonta Cardiida Galeommatidae Laseina 5.3 2.6 SE SF By 
Pteriomorphia Mytilida Mytilidae Musculista 2.6 0 SE SF By 
Heterodonta Cardiida Kelliidae Marikellia 2.6 0.01 SE SF By 
Pteriomorphia Pectinida Pectinoidae Hunanonectes 201 199 SE SF By 
Pteriomorphia Pectinida Pectinidae Kaparachlamys 3.6 1.8 SE SF By 
Heterodonta Cardiida Gaimardiidae Neogaimardia 1.8 0 SE SF By 
Pteriomorphia Mytilida Mytilidae Modiolatus 1.8 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Bractechlamys 1.8 0 SE SF By 
Pteriomorphia Pectinida Pectinidae Notovola 1.8 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Scaeochlamys 1.8 0 SE SF By 
Pteriomorphia Pectinida Pectinoidae Chagrepecten 5.3 3.6 SE SF By 
Pteriomorphia Pectinida Pectinidae Coralichlamys 3.6 2.6 SE SF By 
Pteriomorphia Pectinida Pectinidae Serratovola 3.6 2.6 SE SF By 
Pteriomorphia Pectinida Pectinoidae Juxtamusium 3.6 2.6 SE SF By 
412 
Pteriomorphia Arcida Arcidae Byssoarca 2.6 1.8 SE SF By 
Pteriomorphia Ostreida Pergamidiidae Oretia 228 228 SE SF By 
Pteriomorphia Pectinida Pectinidae Pectinula 183 183 SE SF By 
Pteriomorphia Pectinida Pectinoidea Amuropecten 183 183 SE SF By 
Heterodonta Cardiida Kelliidae Pythinella 3.6 3.6 SE SF By 
Pteriomorphia Pectinida Pectinoidae Zamorapecten 3.6 3.6 SE SF By 
Pteriomorphia Pectinida Pectinidae Pascahinnites 0.01 0.01 SE SF By 
Pteriomorphia Pectinida Pectinidae Ventalium 199 174 SE SF By 
Pteriomorphia Pectinida Pectinidae Leopecten 33.9 0 SE SF By/MoF 
Pteriomorphia Pectinida Pectinidae Eopecten 247 100 SE SF By/Ce 
Pteriomorphia Pectinida Pectinidae Pseudopecten 209 1.8 SE SF By/MoF 
Pteriomorphia Pectinida Limidae Lima 315 0 SE SF By/MoF 
Pteriomorphia Pectinida Limidae Limatula 304 0 SE SF By/MoF 
Pteriomorphia Pectinida Pectinidae Chlamys 265 0 SE SF By/MoF 
Pteriomorphia Pectinida Limidae Plagiostoma 296 66 SE SF By/MoF 
Pteriomorphia Pectinida Pectinidae Placopecten 41.2 0 SE SF By/MoF 
Pteriomorphia Ostreida Pteriidae Avicula 458 2.6 SE SF By 
Pteriomorphia Ostreida Pteriidae Pteria 419 0 SE SF By 
Pteriomorphia Arcida Parallelodontidae Grammatodon 393 61.6 SE SF By 
Pteriomorphia Ostreida Posidoniidae Posidonia 411 100 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Aviculopecten 408 100 SE SF By 
Pteriomorphia Ostreida Malleidae Isognomon 254 0 SE SF By 
Pteriomorphia Pectinida Propeamussiidae Parvamussium 241 0 SE C By 
Pteriomorphia Pectinida Oxytomidae Oxytoma 272 61.6 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Crenipecten 383 174 SE SF By 
Pteriomorphia Pectinida Heteropectinidae Neptunopecten 296 113 SE SF By 
Pteriomorphia Pectinida Oxytomidae Meleagrinella 247 66 SE SF By 
Pteriomorphia Pectinida Chaenocardiidae Eurydesma 444 265 SE SF By 
Pteriomorphia Ostreida Pterineidae Ptychopteria 427 252 SE SF By 
Pteriomorphia Arcida Parallelodontidae Nemodon 201 37.8 SE SF By 
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Pteriomorphia Ostreida Pterineidae Pterinea 453 296 SE SF By 
Pteriomorphia Pectinida Aviculopectiniidae Ornithopecten 254 100 SE SF By 
Heterodonta Carditida Crassatellidae Crassatella 145 0.01 SE SF By 
Pteriomorphia Ostreida Pteriidae Rhaetavicula 241 100 SE SF By 
Pteriomorphia Arcida Parallelodontidae Cosmetodon 279 145 SE SF By 
Pteriomorphia Ostreida Posidoniidae Veldidenlla 228 100 SE SF By 
Pteriomorphia Pectinida Heteropectinidae Vnigripecten 272 145 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Pterinopecten 439 323 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Mytilarca 445 331 SE SF By 
Pteriomorphia Pectinida Annuliconchidae Annuliconcha 359 252 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Fasciculiconcha 359 252 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Limipecten 359 252 SE SF By 
Pteriomorphia Pectinida Deltopectinidae Streblopteria 359 252 SE SF By 
Pteriomorphia Pectinida Euchondriidae Euchondria 359 252 SE SF By 
Pteriomorphia Pectinida Heteropectinidae Girtypecten 359 252 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Dunbarella 359 252 SE SF By 
Pteriomorphia Pectinida Entolioidesidae Calvaentolium 252 145 SE SF By 
Pteriomorphia Pectinida Deltopectinidae Eocamptonectes 359 254 SE SF By 
Pteriomorphia Ostreida Pteriidae Pinctada 100 0 SE SF By 
Pteriomorphia Pectinida Chaenocardiidae Obliquipecten 359 260 SE SF By 
Pteriomorphia Ostreida Pterineidae Caneyella 411 315 SE SF By 
Pteriomorphia Pectinida Deltopectinidae Deltopecten 347 252 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Pterinopectinella 359 265 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Pseudaviculopecten 411 323 SE SF By 
Pteriomorphia Ostreida Pteriidae Electroma 86.3 0 SE SF By 
Heterodonta Cardiida Erycinidae Erycina 86.3 0.01 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Panis 145 66 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Pseudoptera 145 66 SE SF By 
Pteriomorphia Ostreida Pterineidae Limoptera 423 347 SE SF By 
Pteriomorphia Ostreida Pteriidae Phelopteria 131 61.6 SE SF By 
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Pteriomorphia Arcida Philobryidae Austrotrigonia 134 66 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Aguilerella 201 134 SE SF By 
Pteriomorphia Pectinida Heteropectinidae Etheripecten 315 250 SE SF By 
Pteriomorphia Cyrtodontida Praecardiidae Buchiola 423 359 SE SF By 
Pteriomorphia Ostreida Pteriidae Pteroperna 209 145 SE SF By 
Pteriomorphia Pectinida Heteropectinidae Heteropecten 315 252 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Clavicosta 315 252 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Cultriopsis 237 174 SE SF By 
Pteriomorphia Ostreida Pteriidae Arcavicula 252 191 SE SF By 
Pteriomorphia Ostreida Pterineidae Ectenodesma 419 359 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Spyridopecten 359 299 SE SF By 
Pteriomorphia Pectinida Heteropectinidae Eumorphotis 260 201 SE SF By 
Pteriomorphia Ostreida Melinidae Melina 59.2 1.8 SE SF By 
Heterodonta Cardiida Erycinidae Semeloidea 56 0 SE SF By 
Pteriomorphia Arcida Philobryidae Cosa 56 0 SE SF By 
Pteriomorphia Pectinida Propeamussiidae Cyclochlamys 56 0 SE C By 
Pteriomorphia Pectinida Propeamussiidae Cyclopecten 56 0 SE C By 
Heterodonta Cardiida Erycinidae Hemilepton 56 1.8 SE SF By 
Pteriomorphia Ostreida Malleidae Hippochaeta 56 1.8 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Cleionychia 478 426 SE SF By 
Pteriomorphia Pectinida Limidae Mysidioptera 252 201 SE SF By 
Pteriomorphia Ostreida Pterineidae Actinodesma 408 359 SE SF By 
Pteriomorphia Pectinida Deltopectinidae Cyrtorostra 299 250 SE SF By 
Pteriomorphia Pectinida Deltopectinidae Vorkutopecten 299 252 SE SF By 
Pteriomorphia Pectinida Heteropectinidae Cassianoides 299 252 SE SF By 
Pteriomorphia Ostreida Malleidae Mulletia 145 100 SE SF By 
Pteriomorphia Ostreida Pteriidae Pterinella 145 100 SE SF By 
Pteriomorphia Pectinida Deltopectinidae Corrugopecten 296 252 SE SF By 
Pteriomorphia Pectinida Deltopectinidae Squamuliferipecten 307 265 SE SF By 
Pteriomorphia Ostreida Posidoniidae Didymotis 126 86.3 SE SF By 
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Pteriomorphia Myalinida Ambonychiidae Byssopteria 411 372 SE SF By 
Pteriomorphia Ostreida Pulvinitidae Hypotrema 183 145 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Gosseletia 419 383 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Lyriopecten 408 372 SE SF By 
Pteriomorphia Pectinida Heteropectinidae Fletcheripecten 296 260 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Amphicoelia 458 423 SE SF By 
Pteriomorphia Ostreida Pterineidae Palaeopteria 478 444 SE SF By 
Pteriomorphia Pectinida Propeamussiidae Similipecten 33.9 0 SE C By 
Pteriomorphia Ostreida Pterineidae Pteronitella 444 411 SE SF By 
Pteriomorphia Pectinida Pectinidae Amussiopecten 33.9 1.8 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Anomalocoelia 458 427 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Costigervillia 183 152 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Claraia 269 241 SE SF By 
Pteriomorphia Ostreida Posidoniidae Amonotis 237 209 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Marinopecten 299 272 SE SF By 
Pteriomorphia Myalinida Myalinidae Procopievskia 299 272 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Anulipecten 419 393 SE SF By 
Pteriomorphia Ostreida Pteriidae Maccoyella 126 100 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Amphiocoelia 444 419 SE SF By 
Pteriomorphia Pectinida Chaenocardiidae Chaenocardia 315 290 SE SF By 
Pteriomorphia Mytilida Crenellidae Modiolarca 23 0 SE SF By 
Heterodonta Cardiida Erycinidae Arthritica 23 0 SE SF By 
Heterodonta Cardiida Erycinidae Litigiella 23 0 SE SF By 
Heterodonta Cardiida Erycinidae Melliteryx 23 0 SE SF By 
Heterodonta Cardiida Erycinidae Semierycina 23 0 SE SF By 
Heterodonta Cardiida Montacutidae Rochefortula 23 0 SE SF By 
Pteriomorphia Arcida Philobryidae Aupouria 23 0 SE SF By 
Pteriomorphia Arcida Philobryidae Cratis 23 0 SE SF By 
Heterodonta Cardiida Kelliellidae Spaniodontella 28.1 5.3 SE SF By 
Heterodonta Cardiida Montacutidae Devonia 56 33.9 SE SF By 
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Heterodonta Cardiida Erycinidae Borniola 20.4 0 SE SF By 
Pteriomorphia Arcida Philobryidae Philobrya 20.4 0 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Permoperna 272 252 SE SF By 
Heterodonta Cardiida Montacutidae Laubriereia 47.8 28.1 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Denguiria 279 260 SE SF By 
Pteriomorphia Pectinida Pectinidae Annulinectes 247 228 SE SF By 
Pteriomorphia Ostreida Posidoniidae Dipleurites 247 228 SE SF By 
Pteriomorphia Ostreida Posidoniidae Longidaonella 247 228 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Neopecten 228 209 SE SF By 
Pteriomorphia Myalinida Myalinidae Pachymytilus 164 145 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Cassiavellia 272 254 SE SF By 
Pteriomorphia Ostreida Pterineidae Pseudobakewellia 272 254 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Tenuipteria 83.6 66 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Ambonychinia 458 441 SE SF By 
Pteriomorphia Pectinida Heteropectinidae Undopecten 296 279 SE SF By 
Pteriomorphia Ostreida Pteriidae Ensipteria 269 252 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Pseudoclaraia 269 252 SE SF By 
Pteriomorphia Ostreida Plicatostylidae Plicatostylus 191 174 SE SF By 
Pteriomorphia Ostreida Pteriidae Pseudaucella 191 174 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Kobayashites 183 166 SE SF By 
Pteriomorphia Ostreida Posidoniidae Diotis 199 183 SE SF By 
Pteriomorphia Arcida Noetiidae Scapularca 56 41.2 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Elasmodophora 458 444 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Maryonychia 458 444 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Paramytilarca 458 444 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Praeanomalodonta 458 444 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Psilonychia 458 444 SE SF By 
Pteriomorphia Ostreida Pteriidae Ptychopterinia 458 444 SE SF By 
Heterodonta Cardiida Montacutidae Namnetia 47.8 33.9 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Paradoxipecten 265 252 SE SF By 
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Pteriomorphia Pectinida Aviculopectinidae Neomorphotis 250 237 SE SF By 
Pteriomorphia Myalinida Myalinidae Aviculomyalina 241 228 SE SF By 
Pteriomorphia Pectinida Euchondriidae Euchondrioides 272 260 SE SF By 
Heterodonta Cardiida Erycinidae Myllita 11.6 0 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Notonychia 478 467 SE SF By 
Pteriomorphia Arcida Posidoniidae Karadjalia 383 372 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Congeriomorpha 383 372 SE SF By 
Pteriomorphia Pectinida Deltopectinidae Crittendenia 252 241 SE SF By 
Pteriomorphia Ostreida Pteriidae Eopinctada 100 89.8 SE SF By 
Pteriomorphia Arcida Philobryidae Limarca 37.8 28.1 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Glyptonychia 467 458 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Leconychia 467 458 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Pteronychia 467 458 SE SF By 
Pteriomorphia Ostreida Pterineidae Denticelex 467 458 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Opisthoptera 453 444 SE SF By 
Pteriomorphia Pectinida Heteropectinidae Glabripecten 269 260 SE SF By 
Pteriomorphia Ostreida Posidoniidae Arzelella 237 228 SE SF By 
Pteriomorphia Ostreida Posidoniidae Grabella 237 228 SE SF By 
Pteriomorphia Ostreida Posidoniidae Loemmelella 237 228 SE SF By 
Pteriomorphia Ostreida Posidoniidae Parahalobia 237 228 SE SF By 
Pteriomorphia Ostreida Posidoniidae Pichlerella 237 228 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Palaeocardia 427 419 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Imoella 323 315 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae KByaipecten 323 315 SE SF By 
Pteriomorphia Pectinida Deltopectinidae Orbiculopecten 315 307 SE SF By 
Pteriomorphia Myalinida Myalinidae Arctomyalina 315 307 SE SF By 
Pteriomorphia Ostreida Pterineidae Placopterina 315 307 SE SF By 
Pteriomorphia Ostreida Pteriidae Limopteria 315 307 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Claraioides 260 252 SE SF By 
Pteriomorphia Ostreida Pterineidae Guichiella 254 247 SE SF By 
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Pteriomorphia Ostreida Pteriidae Aviculocardium 11.6 5.3 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Aguileria 100 93.9 SE SF By 
Pteriomorphia Arcida Philobryidae Eophilobryoidella 247 241 SE SF By 
Pteriomorphia Ostreida Posidoniidae Pterohalobia 247 241 SE SF By 
Heterodonta Cardiida Erycinidae Pseudopythina 5.3 0 SE SF By 
Heterodonta Cardiida Erycinidae Zemyllita 5.3 0 SE SF By 
Heterodonta Cardiida Montacutidae Decipula 5.3 0 SE SF By 
Heterodonta Cardiida Montacutidae Mancikellia 5.3 0 SE SF By 
Heterodonta Cardiida Montacutidae Rochefortia 5.3 0 SE SF By 
Pteriomorphia Pectinida Propeamussiidae Hemipecten 5.3 0 SE C By 
Uncertain Uncertain Myodakryotidae Myodakryotus 458 453 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Gosselettia 388 383 SE SF By 
Pteriomorphia Myalinida Ambonychiidae Lophonychia 388 383 SE SF By 
Pteriomorphia Pectinida Aviculopectiniidae Avichlamys 252 247 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Chuluaria 252 247 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Pteroclaraia 252 247 SE SF By 
Pteriomorphia Pectinida Pterinopectinidae Rugiclaraia 252 247 SE SF By 
Pteriomorphia Ostreida Posidoniidae Aulacomyella 157 152 SE SF By 
Pteriomorphia Ostreida Pteriidae Somapteria 157 152 SE SF By 
Pteriomorphia Ostreida Pterineidae Molinicola 427 423 SE SF By 
Pteriomorphia Ostreida Pterineidae Actinopterella 423 419 SE SF By 
Cryptodonta Solemyida Acharacidae Acobaecardium 5.3 1.8 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Marmaronia 272 269 SE SF By 
Pteriomorphia Pectinida Propeamussiidae Polynemamussium 1.8 0 SE C By 
Pteriomorphia Pectinida Chaenocardiidae Saturnopecten 272 272 SE SF By 
Pteriomorphia Pectinida Aviculopectinidae Primahinnites 209 209 SE SF By 
Pteriomorphia Pterioida Bakevelliidae Kedonella 183 183 SE SF By 
Pteriomorphia Myalinida Myalinidae Pseudopachymytilus 199 174 SE SF By 
Pteriomorphia Ostreida Posidoniidae Bositra 252 100 SE SF By/MoF 
Heterodonta Carditida Crassatellidae Landinia 89.8 33.9 SE SF By 
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Pteriomorphia Myalinida Myalinidae Septimyalina 347 252 SE SF By 
Pteriomorphia Myalinida Myalinidae Naiadites 331 307 SE SF By 
Pteriomorphia Myalinida Myalinidae Glendella 272 272 SE SF By 
Pteriomorphia Ostreida Posidoniidae Posidonotis 199 170 SE SF By/MoF 
Pteriomorphia Ostreida Vlastidae Praeostrea 426 411 SE SF By/Re 
Pteriomorphia Ostreida Malleidae Pulvinites 191 0 SE SF By 
Pteriomorphia Ostreida Malleidae Rostroperna 164 66 SE SF By 
Pteriomorphia Ostreida Malleidae Heligmina 83.6 16 SE SF By 
Pteriomorphia Ostreida Malleidae Nayadina 100 37.8 SE SF By 
Pteriomorphia Ostreida Malleidae Chalmasia 83.6 37.8 SE SF By 
Pteriomorphia Ostreida Malleidae Exputens 56 33.9 SE SF By 
Pteriomorphia Ostreida Malleidae Pachyperna 56 33.9 SE SF By 
Pteriomorphia Ostreida Malleidae Ostreonella 93.9 72.1 SE SF By 
Pteriomorphia Ostreida Malleidae Bouleigmus 83.6 66 SE SF By 
Pteriomorphia Ostreida Malleidae Tambanella 269 252 SE SF By 
Pteriomorphia Ostreida Malleidae Aviculovulsa 47.8 33.9 SE SF By 
Pteriomorphia Ostreida Malleidae Heligmopsis 100 86.3 SE SF By 
Pteriomorphia Ostreida Malleidae Eligmus 170 157 SE SF By 
Pteriomorphia Ostreida Malleidae Vulsellina 47.8 41.2 SE SF By 
Pteriomorphia Ostreida Malleidae Malvufundus 5.3 0 SE SF By 
Pteriomorphia Ostreida Malleidae Linsdallia 174 170 SE SF By 
Pteriomorphia Ostreida Malleidae Gryphaeligmus 166 164 SE SF By 
Pteriomorphia Ostreida Ostreidae Lopha 272 0 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Ostrea 272 0 SE SF Ce 
Pteriomorphia Pectinida Plicatulidae Plicatula 247 0 SE SF Ce 
Pteriomorphia Pectinida Dimyidae Dimyodon 247 11.6 SE SF Ce 
Pteriomorphia Pectinida Pseudomonotidae Pseudomonotis 359 134 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Alectryonia 209 3.6 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Liostrea 241 37.8 SE SF Ce 
Pteriomorphia Pectinida Pectinidae Hinnites 201 0 SE SF Ce 
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Pteriomorphia Pectinida Pectinoidae Crassadoma 201 0 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Exogyra 201 7.2 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Actinostreon 228 66 SE SF Ce 
Pteriomorphia Pectinida Plicatulidae Atreta 228 66 SE SF Ce 
Pteriomorphia Pectinida Terquemiidae Enantiostreon 260 100 SE SF Ce 
Pteriomorphia Pectinida Plicatulidae Pseudoplacunopsis 247 100 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Crassostrea 145 0 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Pycnodonta 139 1.8 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Pycnodonte 134 0 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Gryphaeostrea 139 7.2 SE SF Ce 
Heterodonta Cardiida Chamidae Chama 131 0 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Phygraea 126 5.3 SE SF Ce 
Pteriomorphia Pectinida Pseudomonotidae Pachypteria 359 254 SE SF Ce 
Pteriomorphia Pectinida Pseudomonotidae Eumicrotis 347 247 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Aetostreon 199 100 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Amphidonte 164 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Arctostrea 164 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Rastellum 164 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Cubitostrea 100 2.6 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Flemingostrea 100 5.3 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Hyotissa 93.9 0 SE SF Ce 
Pteriomorphia Pectinida Prospondylidea Terquemia 247 157 SE SF Ce 
Heterodonta Cardiida Plicatulidae Eoplicatula 237 157 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Agerostrea 83.6 3.6 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Rhynchostreon 145 66 SE SF Ce 
Pteriomorphia Ostreida Flemingostreidae Acutostrea 100 23 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Ceratostreon 139 66 SE SF Ce 
Pteriomorphia Pectinida Dimyidae Dimya 72.1 0 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Nicaisolopha 113 41.2 SE SF Ce 
Pteriomorphia Ostreida Flemingostreidae Striostrea 66 0 SE SF Ce 
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Pteriomorphia Ostreida Gryphaeidae Nanogyra 199 134 SE SF Ce 
Pteriomorphia Pectinida Plicatulidae Diploschiza 126 66 SE SF Ce 
Heterodonta Pholadida Corbulidae Ursirivus 100 41.2 SE SF Ce 
Pteriomorphia Pectinida Terquemiidae Newaagia 247 199 SE SF Ce 
Pteriomorphia Ostreida Flemingostreidae Saccostrea 47.8 0 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Costagyra 113 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Curvostrea 113 66 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Euthymipecten 139 93.9 SE SF Ce 
Pteriomorphia Pectinida Chondrodontidae Chondrodonta 134 89.8 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Ilymatogyra 100 56 SE SF Ce 
Pteriomorphia Pectinida Plicatulidae Darteplicatula 59.2 16 SE SF Ce 
Heterodonta Cardiida Chamidae Pseudochama 41.2 0 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Crenostrea 56 16 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Gigantostrea 56 16 SE SF Ce 
Pteriomorphia Pectinida Terquemiidae Paleowaagia 299 260 SE SF Ce 
Pteriomorphia Pectinida Pectinidae Prohinnites 139 100 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Odontogryphaea 72.1 33.9 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Sokolowia 72.1 33.9 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Labrostrea 83.6 47.8 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Notostrea 37.8 3.6 SE SF Ce 
Pteriomorphia Pterioida Bakevelliidae Gervilliopsis 100 66 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Gyrostrea 100 66 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Vultogryphaea 100 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Ambigostrea 100 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Cameleolopha 100 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Cussetostrea 100 66 SE SF Ce 
Pteriomorphia Pectinida Pseudomonotidae Pegmavalvula 279 247 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Praeexogyra 170 139 SE SF Ce 
Anomalodesmata Thraciida Myochamidae Myochama 28.1 0 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Dendostrea 28.1 0 SE SF Ce 
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Pteriomorphia Ostreida Ostreidae Margostrea 93.9 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Oscillopha 93.9 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Pseudoperna 93.9 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Ostreinella 33.9 7.2 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Deltoideum 170 145 SE SF Ce 
Anomalodesmata Thraciida Cleidothaeridae Cleidothaerus 23 0 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Neopycnodonte 23 0 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Myrakeena 23 0 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Bilobissa 174 152 SE SF Ce 
Anomalodesmata Pholadomyida Chamidae Psilopus 33.9 13.8 SE SF Ce 
Pteriomorphia Pectinida Pseudomonotidae Aviculomonotis 272 252 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Turkostrea 56 37.8 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Abruptolopha 83.6 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Undulostrea 16 0 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Conradostrea 16 0.01 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Pegma 56 41.2 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Kokanostrea 47.8 33.9 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Africogryphaea 170 157 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Texigryphaea 113 100 SE SF Ce 
Pteriomorphia Pectinida Pseudomonotidae Trematiconcha 272 260 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Ostreola 11.6 0 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Costeina 83.6 72.1 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Quadrostrea 83.6 72.1 SE SF Ce 
Pteriomorphia Pectinida Pseudomonotidae Prospondylus 279 269 SE SF Ce 
Pteriomorphia Pectinida Prospondylidae Persia 209 199 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Umbrostrea 209 201 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Catinula 164 157 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Somalidacna 23 16 SE SF Ce 
Heterodonta Cardiida Chamidae Cipliacella 66 59.2 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Anulostrea 89.8 83.6 SE SF Ce 
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Pteriomorphia Ostreida Gryphaeidae Planospirites 72.1 66 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Protostrea 247 241 SE SF Ce 
Pteriomorphia Pectinida Prospondylidae Noetlingiconcha 247 241 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Alectryonella 5.3 0 SE SF Ce 
Pteriomorphia Pectinida Plicatulidae Saintiopsis 5.3 1.8 SE SF Ce 
Pteriomorphia Ostreida Gryphaeidae Pernostrea 166 164 SE SF Ce 
Pteriomorphia Ostreida Ostreidae Peilinia 100 100 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Anomia 269 0 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Placunopsis 304 59.2 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Heteranomia 56 0.01 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Carolia 61.6 16 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Wakullina 47.8 5.3 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Parinomya 56 16 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Paraplacuna 72.1 33.9 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Pododesmus 37.8 0 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Monia 33.9 0 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Placunanomia 28.1 0 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Indoplacuna 33.9 11.6 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Huyella 56 33.9 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Paranomia 83.6 61.6 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Juranomia 164 145 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Permanomia 279 265 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Pseudoplacuna 47.8 37.8 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Pindorama 315 307 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Patro 7.2 0 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Eonomia 164 157 SE SF Ce 
Pteriomorphia Pectinida Anomiidae Enigmonia 56 0 SE SF Ce/By 
Heterodonta Cardiida Chamidae Arcinella 113 0 SE SF Ce/Re 
Heterodonta Cardiida Cardiliidae Hemicyclonosta 458 1.8 SE SF By 
Heterodonta Cardiida Cardiidae Trigoniocardia 37.8 0 SE SF By 
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Pteriomorphia Arcida Arcidae Larkinia 23 0 SE SF By 
Heterodonta Cardiida Cardiidae Apiocardia 23 0 SE SF By 
Heterodonta Cardiida Cardiliidae Cardilona 33.9 23 SE SF By 
Heterodonta Cardiida Leptonidae Lepton 113 0 SE SF By 
Heterodonta Cardiida Sportellidae Sportella 66 0.01 SE SF By 
Heterodonta Cardiida Leptonidae Potidoma 47.8 0 SE SF By 
Heterodonta Cardiida Leptonidae Properycina 37.8 1.8 SE SF By 
Heterodonta Cardiida Leptonidae Divarikellia 66 41.2 SE SF By 
Heterodonta Cardiida Leptonidae Neaeromya 23 0 SE SF By 
Heterodonta Cardiida Leptonidae Orobitella 23 0 SE SF By 
Pteriomorphia Ostreida Ostreidae Platygena 37.8 33.9 SE SF Re 
Pteriomorphia Pectinida Monotidae Monotis 265 100 SE SF Re 
Pteriomorphia Ostreida Halobiidae Enteropleura 247 100 SE SF/O Re 
Pteriomorphia Pectinida Monotidae Pacimonotis 209 100 SE SF Re 
Pteriomorphia Pectinida Monotidae Entomonotis 209 100 SE SF Re 
Pteriomorphia Pectinida Monotidae Eomonotis 209 100 SE SF Re 
Pteriomorphia Pectinida Monotidae Inflatomonotis 209 100 SE SF Re 
Pteriomorphia Pectinida Monotidae Maorimonotis 209 100 SE SF Re 
Pteriomorphia Pectinida Monotidae Otapiria 237 145 SE SF Re 
Pteriomorphia Ostreida Kochiidae Kochia 411 372 SE SF Re 
Heterodonta Cardiida Cardiidae Sawkinsia 47.8 16 SE SF/O Re 
Heterodonta Cardiida Cardiidae Hippopus 23 0 SE SF/O Re 
Pteriomorphia Ostreida Halobiidae Aparimella 241 228 SE SF/O Re 
Pteriomorphia Ostreida Halobiidae Taimyrolobia 237 228 SE SF/O Re 
Pteriomorphia Pectinida Monotidae Lupherella 191 183 SE SF Re 
Pteriomorphia Pectinida Monotidae Peribositra 254 247 SE SF Re 
Pteriomorphia Myalinida Ramonalinidae Ramonalina 247 241 SE SF/O Re 
Pteriomorphia Ostreida Halobiidae Daonella 393 209 SE SF/O Re/MoF 
Pteriomorphia Ostreida Halobiidae Halobia 241 100 SE SF/O Re/MoF 
Pteriomorphia Pectinida Pectinidae Amusium 331 0 SE SF MoF 
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Pteriomorphia Pectinida Pectinidae Flabellipecten 272 0 SE SF MoF 
Pteriomorphia Pectinida Streblochondriidae Streblochondria 372 247 SE SF MoF 
Pteriomorphia Pectinida Streblochondriidae Guizhoupecten 279 252 SE SF MoF 
Pteriomorphia Pectinida Streblochondriidae Striochondria 290 265 SE SF MoF 
Pteriomorphia Pectinida Streblochondriidae Xinanopecten 254 252 SE SF MoF 
Pteriomorphia Pectinida Propeamussiidae Pecten 359 0 SE C MoF/By 
Pteriomorphia Pectinida Propeamussiidae Propeamussium 237 0 SE C MoF/By 
Pteriomorphia Pectinida Hunanopectinidae Leptochondria 272 100 SE SF Re 
Pteriomorphia Pectinida Buchiidae Bittneria 237 100 SE SF Re 
Pteriomorphia Pectinida Oxytomidae Avicularca 228 100 SE SF Re 
Pteriomorphia Pectinida Oxytomidae Jianchuania 228 100 SE SF Re 
Pteriomorphia Pectinida Oxytomidae Hypoxytoma 152 59.2 SE SF Re 
Pteriomorphia Pectinida Hunanopectinidae Asoella 252 183 SE SF Re 
Pteriomorphia Pectinida Oxytomidae Arctotis 199 131 SE SF Re 
Pteriomorphia Pectinida Oxytomidae Palmoxytoma 209 183 SE SF Re 
Pteriomorphia Pectinida Buchiidae Hokonuia 228 209 SE SF Re 
Pteriomorphia Pectinida Buchiidae Anningella 201 183 SE SF Re 
Pteriomorphia Pectinida Oxytomidae Praeaucellina 145 139 SE SF Re 
Pteriomorphia Pectinida Oxytomidae Dolponella 254 252 SE SF Re 
Pteriomorphia Cyrtodontida Praecardiidae Vetupraeca 372 372 SE SF Re 
Pteriomorphia Pectinida Oxytomidae Canadotis 145 145 SE SF Re 
Pteriomorphia Pectinida Pectinidae Indopecten 237 100 SE SF Re/MoF 
Pteriomorphia Mytilida Mytilidae Ryenella 37.8 0 SE SF Re 
Pteriomorphia Pectinida Entoliidae Syncyclonema 359 61.6 SE SF Re 
Pteriomorphia Cyrtodontida Spanilidae Kenzieana 427 201 SE SF Re 
Pteriomorphia Pectinida Entoliidae Entolium 265 66 SE SF Re 
Pteriomorphia Ostreida Gryphaeidae Gryphaea 228 33.9 SE SF Re 
Pteriomorphia Pectinida Buchiidae Etalia 247 100 SE SF Re 
Pteriomorphia Pectinida Entoliidae Pernopecten 359 247 SE SF Re 
Pteriomorphia Pectinida Buchiidae Buchia 170 66 SE SF Re 
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Pteriomorphia Cyrtodontida Spanilidae Tetinka 490 419 SE SF Re 
Pteriomorphia Pectinida Buchiidae Aucellina 152 89.8 SE SF Re 
Pteriomorphia Pectinida Placunidae Placuna 56 0 SE SF Re 
Pteriomorphia Pectinida Entoliidae Entolioides 252 209 SE SF Re 
Pteriomorphia Pterioida Cassianellidae Lilangina 247 209 SE SF Re 
Pteriomorphia Pterioida Cassianellidae Septihoernesia 247 209 SE SF Re 
Pteriomorphia Pectinida Entoliidae Cingentolium 183 145 SE SF Re 
Pteriomorphia Pectinida Entoliidae Somapecten 183 145 SE SF Re 
Pteriomorphia Pectinida Pectinidae Argopecten 33.9 0 SE SF Re 
Pteriomorphia Pectinida Buchiidae Australobuchia 164 131 SE SF Re 
Protobranchia Uncertain Uncertain Pojetaia 529 501 SE SF Re 
Pteriomorphia Pectinida Entolioididae Filopecten 237 209 SE SF Re 
Pteriomorphia Pterioida Cassianellidae Burckhardtia 228 209 SE SF Re 
Pteriomorphia Pterioida Cassianellidae Reubenia 228 209 SE SF Re 
Pteriomorphia Cyrtodontida Spanilidae Spanila 426 411 SE SF Re 
Pteriomorphia Myalinida Saikraconchidae Saikraconcha 272 260 SE SF Re 
Pteriomorphia Pectinida Buchiidae Praebuchia 164 152 SE SF Re 
Pteriomorphia Myalinida Alatoconchidae Shikamaia 279 269 SE SF Re 
Heterodonta Cardiida Placunidae Ephippium 11.6 3.6 SE SF Re 
Pteriomorphia Myalinida Saikraconchidae Dereconchia 279 272 SE SF Re 
Pteriomorphia Pectinida Buchiidae Paraucellina 100 93.9 SE SF Re 
Pteriomorphia Pectinida Buchiidae Eobuchia 252 247 SE SF Re 
Pteriomorphia Pectinida Entoliidae Scythentolium 252 247 SE SF Re 
Pteriomorphia Myalinida Alatoconchidae Alatoconcha 272 269 SE SF/O Re 
Pteriomorphia Pectinida Entoliidae Scythemtolium 250 247 SE SF Re 
Pteriomorphia Cyrtodontida Spanilidae Algerina 423 423 SE SF Re 
Heterodonta Megalodontida Wallowaconchidae Wallowaconcha 209 209 SE O Re 
Pteriomorphia Pectinida Buchiidae Malayomaorica 157 157 SE SF Re 
Pteriomorphia Ostreida Malleidae Mytiloperna 199 145 SE SF Re 
Pteriomorphia Pectinida Entolioididae Kolymonectes 209 145 SE SF Re/MoF 
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Pteriomorphia Ostreida Pterineidae Cornellites 444 331 SE SF By 
Pteriomorphia Ostreida Pterineidae Caritodens 445 445 SE SF By 
Pteriomorphia Arcida Arcidae Sheldonella 20.4 0 SE SF By 
Palaeotaxodonta Nuculida Tindariidae Tindaria 59.2 0 SE DF Re 
Pteriomorphia Mytilida Mytilidae Gregariella 72.1 0 SE/SBo SF By 
Heterodonta Cardiida Tridacnidae Persikima 11.6 0 SE/SBo SF By 
Heterodonta Cardiida Kalenteridae Myoconcha 272 66 SE/SI SF MoS/By 
Pteriomorphia Mytilida Mytilidae Brachiodontes 100 0.01 SE/SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Brachidontes 100 0 SE/SI/SBu SF By/MoS 
Heterodonta Megalodontida Dicerocardiidae Cornucardia 228 100 SE/SI SF Re 
Heterodonta Megalodontida Dicerocardiidae Dicerocardium 228 100 SE/SI SF/O Re 
Heterodonta Megalodontida Dicerocardiidae Physocardia 247 209 SE/SI SF/O Re 
Heterodonta Megalodontida Dicerocardiidae Rostrocardia 100 66 SE/SI SF Re 
Heterodonta Megalodontida Dicerocardiidae Agelasina 93.9 66 SE/SI SF Re 
Heterodonta Megalodontida Dicerocardiidae Ambocardia 86.3 66 SE/SI SF Re 
Heterodonta Megalodontida Dicerocardiidae Pseudisocardia 174 157 SE/SI SF Re 
Heterodonta Megalodontida Dicerocardiidae Megalocardia 113 100 SE/SI SF Re 
Heterodonta Megalodontida Dicerocardiidae Platycardia 157 145 SE/SI SF Re 
Pteriomorphia Arcida Arcidae Arcopsis 72.1 0 SE/SI SF By/MoS 
Heterodonta Megalodontida Megalodontidae Megalodon 444 183 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Neomegalodon 241 100 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Rhaetomegalodon 228 89.8 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Pomarangina 237 100 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Krumbeckia 228 100 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Paramegalodus 228 100 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Conchodon 209 100 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Pterocardia 183 113 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Pachyrisma 201 145 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Gemmelarodus 237 209 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Triadomegalodon 228 201 SE/SI SF/O Re 
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Heterodonta Megalodontida Megalodontidae Pinzonella 272 252 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Gemmellarodus 228 209 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Quemocuomegalodon 228 209 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Durga 199 183 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Protodiceras 199 183 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Plethocardia 458 444 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Protomegalodon 470 458 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Megalomoidea 433 423 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Cumularia 393 383 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Rossiodus 237 228 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Megalomus 427 419 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Pachymegalodon 199 191 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Pachyrismella 157 157 SE/SI SF/O Re 
Heterodonta Megalodontida Megalodontidae Juramegalodus 145 145 SE/SI SF/O Re 
Pteriomorphia Mytilida Mytilidae Mytella 37.8 0 SE/SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Geukensia 37.8 0.01 SE/SI SF By/MoS 
Pteriomorphia Mytilida Mytilidae Lioberus 5.3 0 SE/SI SF By/MoS 
Pteriomorphia Myalinida Atomodesmatidae Maitaia 279 1.8 SE/SI SF By 
Pteriomorphia Pterioida Bakevelliidae Gervillaria 247 66 SE/SI SF By 
Pteriomorphia Myalinida Ambonychiidae Ambonychia 470 411 SE/SI SF By 
Pteriomorphia Myalinida Atomodesmatidae Atomodesma 299 250 SE/SI SF By 
Pteriomorphia Myalinida Atomodesmatidae Aphanaia 296 254 SE/SI SF By 
Pteriomorphia Myalinida Atomodesmatidae Mytilidesmatella 296 254 SE/SI SF By 
Pteriomorphia Myalinida Atomodesmatidae Costatoaphanaia 296 269 SE/SI SF By 
Pteriomorphia Myalinida Atomodesmatidae Evenia 272 252 SE/SI SF By 
Pteriomorphia Myalinida Atomodesmatidae Intomodesma 272 252 SE/SI SF By 
Pteriomorphia Myalinida Atomodesmatidae Cigarella 279 260 SE/SI SF By 
Pteriomorphia Myalinida Atomodesmatidae Trabeculatia 260 252 SE/SI SF By 
Pteriomorphia Myalinida Atomodesmatidae Okhotodesma 272 265 SE/SI SF By 
Pteriomorphia Mytilida Mytilidae Amygdalum 145 0 SE/SI/SBu SF By/MoS 
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Heterodonta Pholadida Myidae Sphenia 66 0 SE/SBu SF By 
Pteriomorphia Mytilida Mytilidae Modiolus 411 0 SE/SBu SF By/MoS 
Heterodonta Cardiida Kelliellidae Kelliella 66 0 SE/SBu SF By 
Heterodonta Cardiida Kelliellidae Alveinus 56 2.6 SE/SBu SF By 
Heterodonta Cardiida Kelliellidae Eocrassina 37.8 33.9 SE/SBu SF By 
Heterodonta Cardiida Kelliellidae Hippagus 3.6 2.6 SE/SBu SF By 
Heterodonta Carditida Condylocardiidae Cuna 83.6 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Condylocardia 47.8 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Micromeris 47.8 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Condylocuna 41.2 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Carditopsis 33.9 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Erycinella 28.1 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Radiocondyla 23 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Volupicuna 20.4 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Benthocardiella 5.3 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Hamacuna 5.3 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Saltocuna 5.3 0 SE/SBu SF MoS/Re 
Heterodonta Carditida Condylocardiidae Glibertia 5.3 1.8 SE/SBu SF MoS/Re 
 
